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PREFACE 
Dr. Robert C. Seamans, Jr. 
Dean of Engineering, MIT 


Cooperative research endeavors between universities, industrial firms 
and government are being increasingly emphasized by tederal 
poliovmakers. Yet litth attention has been paid to the details of the 
cooperauve research mechanism. Without such attention, policymakers 
and researchers alike run the risk of neglecting Crucial aspects of 
cooperative endeavors which are necessary for success, of forgetting the 
dearly-bought lessons of past Cooperative efforts, and ultimately. of 
condemning a promising means of assisting the American economy to an 
unmerited demise. 

The Conterence on Cooperative Research held at MET in February 1980 
under the jornt: auspices of MET’s Laboratory tor Manutacturing and 
Productivity and the National Science Foundation brought together the 
leaders of academia, industyy and government inan attempt to unearth 
and organize those elements of Cooperative elforts necessary tor productive 
research. Perhaps most important was the opportunity afforded industry 
executives to pnteract with them counterparts ta academia and government 
and to begin to decipher the complex problems of successtul research. 

Judging trom the reactions of the participants, the conterence achieved 
its goal ol clucidating the problems of Cooperative research and started the 
search for answers to these problems. The proceedings which) tollow 
should serve to disseminate this base of Knowledge more widely. The 
document is unique in that records the advice, opinions and reactions of 
a specttum of American leaders ina single volume. [tis to be hoped that 
these proceedings, as well as the conterence which they record, will 
eventually contribute to the development of innovative Cooperative 
research clforts which will strenethen academia, American mdustry, and 
indeed, the country itself. 
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Welcome 


Di. Jerome Bo Wiesner 
President, MII 


lhis obvious that the notion of Cooperative research ps aniidea whose time 
has come. We are considering a problem of great terest - one that ps 
essential torus to understand better. and one that T personally tind vers 
difficult and intriguing because ut covets such a range of acdivities. We ate 
ving to make the mteraction between uninersin research, undustrial 
research, development and production, and the government more cllective, 
and we have a number of reasons tor belreving that this is necessary 

lias becoming harder and harder tor the Uneted States to be competitive 
moa world market. At one time, an Amencan company's ctfective 
competition in the domestic market assured its ctlective COMMPpPCTITOTE Int 
world markets. This i no longer the case: todas. products that are 
developed tor the American market do not necessarily saint the world 
market as wellas do products that are externally developed. The economics 
of ow production Lacilites are less Competiiive in certain areas, a problem 
that used to be atunbuted to our bigh Labor costs. We are slowly beginning 
to realize that the cost of Labor is only one among a great mans Lactors, not 
fully understood, that contribute to our slipping position in the world 
matket. bts becoming clear, for example. that competitvon, rather than 
occuring paumaniiy between different tinms, mcreasinghly pits mation 
versus nation: and many counties are organizing production internally so 
as to present a better Competutive Lace. In the United States we have not vet 
learned how to do this and sull maintain that the kind of internal 
competition we have telt tor so long rs important 

When people talk about an mmo. ation lag. [fond ot hard to understand, 
because for allot my professional lite T have been associated with the bast 
moving information, communication and computer segments of 
technology. (Even when T worked oa the White House T telt that Twas 
invelved in information processes, if mot as directly as when T worked on 
technical problems.) These fields have been accelerating rather than 
slowing down, and if there was any more mnovation in the computer ot 
the communn ations fields, a would be hard tor us to keep up. The 
expanding use of satellites, the exploding use of video technology, the 
development of unteractive computers, and the galloping advances in solid 
states physics and semiconductors are certainly not signs of an innovative 
lag. In tact, Pthonk that the United States remains the innovative, if mot the 
productive, leader in these fields. We need to examine why, though we 
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romain the mmovators. we are trequenth not the best produyers of che 


products thar we develop. [tis our production, not our umovanon, that 
deniands attention 

lhe was ao time ino the countess when many telt that too much 
cOlaboranon existed between the universities and govermment and 
madustrs. When Twos scromee adviscon to the government, DPhound that lwoas 
frequenth explaining tothe Justice Department that conthits of meres 
made Amencan activities productive: that the unteraction between the 
universities, the space agency or the Department of Defense, and privat 
companies, torexample, distinguished the US. technological scene trom 
those in other counties. Dreterred particularly to the cass collaboration 
and tlow of people between the various institutions. Bat there has sinc 
been soomuch concern about potential conthots of uvcrest that the svstem 
has been regularized into mmpotence, and the svnetgisin toan extent driven 
out, What we are mow souiching foot os throw. am fact. to remstate that 
snergim. Ino those areas where coupenition was cectve the 
gonvetmment isell was 4 comsumer. was fie consum Th] Ath perce ise ly 
om at least thought a khmew) whatat woanted. The « boro non mvolved 
the unieraties and industry as the suppliers . tittion amd 
tchnolows. and the government as the consumer, which made for ethective 
and Creative activities 

We need to be more concerned with the unter action between mmo. ation 
and techboical exploitations in areas where the government is. if moto 
bystander, an incidental consumer and therefore not as effective an 
sumulatne the marker. Despite mans attempts we have not found a 
process whereby foderal funds can be used to stumulate R& Dior the brood 
comsumer matket. Dhis as un pant Secause otis difficult tor the government 
to detine those products needing such stimulus when the government is 
noi them prime comsumer: on part because of the Competitiveness of mature 
mdustiies where innovation os mecessarn (the energs mndustry is an 
eample) and in large measure because the government does not know 
how to be a sponmsorol technology. Phave beloved this for twenty vears, and 
comtinue to become mcreaunel comsvonced of ut 

By and large. when the government becomes a sponsot of ot tries to 
simulate technology. uouses the same techmiques which mt has used 
successfully an stimulating of in supporting base research. Dhe 
government awards enants according to the quality of the written proposal 
rather than the meed for on the opportunity offered by the proposed 
research. Usually the funding is disbursed im much the same was as 
funding for basa reseanchous disbursed: a @iven amount of mones os divided 
among the good programs. People can sometimes adpust then basi 
research to this manner of funding. but even on the support of basi 
research ators trequenth onettective: Clearly. at there os a twenty million 


dollar problem to solve, and instead of asking whatit takes to solve it vou 


say, owe have two hundred thousand dollars to spend.” and vou give it to 
the person who promises vou the most for that two hundred thousand 
dollars, vou are not likely to be very successtul in solving vour problem. 
This has been the nature of the government's applied research technology 
support. PE Know thatthe NSF has gotten tired of hearmyg me say this, but 
do think that itis one of the core problems we face. 

Phe Cooperative research programs sponsored by the NSE have been ona 
larger scale, and generally have functioned in an area where there ts a 
defined need. They have been established in an area where an industry, a 
company or group of companies, a university or group of universities, and 
the government identified a need which demanded attention. There have 
not been many of these programs, but thes may pountin the right direction. 

Phere are clearly many other motivations for this interest in Cooperative 
research. Our international competitive situation iy one, but nother areas 
the need tor such research ts pust as great. Simple mention of the word 
‘energy’ calis to mind an area of tremendous needs and tremendous 
opportunities. Phere are far more ideas and more people wanting to work 
in this field than there ts support: somehow we lack the organization and 
locas essential to real progress and problem-solving in the energy field. 
Lhe complementary side to the energy issue is the area of environment and 
risk, where te becomes apparent thatmuch of our technology poses tisks ton 
society. We have learned how to identity risks and maybe even how to put 
some numbers on them, but we do not really Know how to make risk- 
benefit calculations. In many areas, and this is particularly truce on the 
energy tield, we are handcutted by our mmexperence with the risk-benetit 
issue. When some of us were vounger we used to say that we were gomng to 
take a calculated risk, which meant when we had something we wanted to 
do, we went ahead and did uw without Knowing the risks. Now we have 
learned how to calculate such risks, but not how to calculate the balances 
or the risks of mot doing something, and as a result we are in very sernous 
trouble. 

Much of the delay in some tields comes trom our imexperience with the 
problem of risk. We are ina transition in society, from a time when we 
ignored the risks and paid a high price for doing so, toa time when we will 
be abie to manage the risks. This may be the worst of all positions; we 
identity the needs but haven't the social processes for making the 
judgements, and so cvervthing stands stull. 

With this particular dithiculty a collaborative program can do a lot of 
good. By and large. individual industries whose businesses generate 
environmental impacts are not regarded as credible witnesses when they 
take positions, based on research, supporting their own business activities, 
and this probably will always be the case. Universities are generally 
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regarded as more credible witnesses. [Tt Collaborative research, research 
sponsored by government, industry and universities together, can help 
identify problems and tind solutions to some of the questions of risk in oul 
society, and present them in ways acceptable to society, then Collaboration 
can play a unique role. This informational role of Cooperative research 
ventures is worthy of serious attention. It should be considered not only 
with regard to the questions of risk, where we necd to generate both 
research and public information, but in general with regard to broades 
problems of technology. 

I mentioned the area of energy earlier. Phere is probably no tield today 
about which there is more public contusion than the energy field, vet there 
is also no field about which there have been more good studies. Lhe 
National Academy Study on Eneres. a monumental document tull 
information, ts one, and another is the Ford Foundation study, Resources 
for the Future. But these studies are too tull of information; the energy 
problem has many different dimensions - time, impact, economics, 
different Opportunities - to be jammed together ina several-hundred page 
report. Ttas almost impossible for anvone, notonly the general public but 
also the lawmakers responsible for implementing programs, to understand 
such reports. Possibly a cooperative program involving industry, the 
universities and government, the goal of which is to make the information 
buried im these documents more accessible and comprehensible to the 
public, would do even more good than a lot of new technology. Thope we 
can focus not only on collaborating to develop new information, but also 
on collaborating to make existing information better understood and 
appreciated, 
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Dr. Jerome B. Wiesner was president of MELT trom 1971 to 1979, and a member of its lacults 
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international negotiations towards effective controls and limitations on nuclear armaments 


as a deterrent to nuclear wat 

Arucles by Dr. Wiesner have appeared in numerous professional yournals as well as in 
several popular magazines. He 1s the author of Where Science and Politu.s Meet (New York, 
McGraw-Hill, 1961) and is co-author with Abram Chaves of ABM: An Evaluation of the 
Decision to Deploy an Anti-Ballistic Missiles System (New York, Hacper and Row, 1909) 
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Introduction 


Protessor Nam P. Suh 
Director, Laboratory for Manulacturing 
and Productivity, MUEi 


Sometimes simple things in lite are hard to understand and rational 
things that make sense are difficult to implement. Cooperative research 
between universities and industry may be one of these things. Certainly the 
idea that the unique intellectual and insututional resources avatlable at 
universities and the technological and productive basis of industry should 
be linked together to generate new disciplines and innovations that cannot 
otherwise be generated is valid. Certainly there ts nothing rational about 
the idea that the fundamental understanding of Commonly used processes 
and technologies can be developed more effectively at a center that ts 
located at a untsersity and jointly supported by a consortium of the 
industrial users of the technology. It seems that such an arrangement will 
assure the effective use of the limited financial and human resources 
available for R & D. Certainly the concept that there ought to be a close 
relauionship between universities--the generators of educated people--and 
industry--the user of most of the university graduates--cannot be faulted. 
These ideas seem to make even more sense to light of the plight of our 
mature mdustnies that are faced with foreign competition. Yet cooperative 
research between universities and industry faces very difficult odds at all 
fronts. 

There are some justitiable concerns one may have about implementing 
cooperative research. First of all, we must be certain that institutional 
integrity is not compromised. Universities must be able to pursue then 
educational and research goals tree of those constraints that may be 
justifiable or expedient on a short-term basis but unjustifiable in terms of 
the long-term viabsiity of educational goals of universities. Universities 
should not succumb to the pressure for short-term gains by shedding then 
commitment to social pustice and public well-being. Industry, on the other 
hand, must be able to pursue its profit-motuvated goals and strive tor the 
most effective use of human and capital resources. It may be a mistake to 
implement the concept of Cooperative research unless the program serves 
these differing goals of universities and industry. 

As with any other endeavors of mankind, what often limits the 
implementation of Cooperative research are practical problems, such as 


preconceived notions about the nature of academic research, proprietary 
information and the like. Whether or not these problems are real ts 
secondary to the fact that these preconceived notions exist. Pherefore, it ts 


necessary torus toexamuine all aspects of Cooperative research objyectivels 
and constructively so as to accentuate the prrnttive and take necessary 
corrective steps to strengthen the weak points of the concept. Phese are real 
mtellectual sues that require the best minds to charity them, mull over 
plausible solutions, and suggest various means of achieving the desnable 
ends of Cooperative research while minnnizing any undesirable aspects 
Lhe purpose of the Conterence on Cooperative Research was to examine 
various different formats of Cooperative rescarch, evaluate the benetits and 
habalities of collaboration among universities, government and industry. 
and chart tuture directions of cooperative research. Phe purpose of the 
conference was not to develop a consensus, tor there can be none in siew of 
different aspirations of cach institution and each isdustial tim. Rather, 
the conference was organized to assess the issucs involved so as to assist 
those interested in pursuing Cooperative research. 

Cooperative rescarch is a worthy concept to consider because enables 
universities and industry to accomplish tasks and generate ideas which 
cannot be done without Cooperation. Sometimes people think that if one 
spends a given sum of funds tor research and development, the outcome 
will be the same regardless of where the work is done. However, we have 
found that mew ideas that can radically improve productivity and 
quality of products arerarely created by the people who have been nurtured 
moa given culture. Clashing of different cultures and concepts is an 
indispensible prerequisite in fomenting new trains of thought. Few mayor 
mmnovations of the past several decades. including instant photography. 
serographs. the Laser, and solid state devices, came trom the people who 
were in the trelds. 

For universities, Cooperative research ois an important means of 
establishing a long-term research base without funding mitermuptions. 
When a large number of industrial firms younth fund research through 
membership. the research program can be sustamed even when the 
composition of the membership changes. Even whenatew companies may 
have to termunate them membership, the program still survives. Pheretore, 
the program can set up and pursue long-term goals, while making sure 
that the short-term needs of the member tims are properly taken care of 
through consultation and the application of research results to specitt 
problems. This arrangement may eliminate the sad saga of American 
university researchers Chasing after tinancial support, offen in response to 
external stumuli Such research efforts have reflected the plans of 
government, which were often established to achieve short-term goals and 
are not necessarily Compatible with the long-term: interests of academic 
and industrial organizations. Phe lack of long-term planning at all levels 
of our society has even afflicted universities during the past two decades. 

For industry, cooperative research ts ameans of acquiring new ideas and 
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technologs, atrelativedy low cost. a mechanism through which to expose 
techmical personnel to external technological developments and pros ice 
CONTTIMIIY educational COPPMOPEMATEIERC Ss. 6h TEC AEDS «ot having daacoss) lo 
technologial intommation. and a mechanism by which podusirial tioms 
can make conmibutions to producimmg a genetation of future engineers with 
the right perspectives and backgrounds. Fven management can acquire a 
window through which an unbiased view on technologs can be obtamed 

Some of these concepts have been tied outin the United States through 
the Experimental ROX D Incentives Program of the National Screne 
Foundation. Phere have been many other attempts made in recent vears to 
stimulate mteraction among government. mndusiy and universitres. Phe 
lessons learned from these attempts should be reviewed and tuture plans 
must be made owe are to bring about a successtul collaboration between 
academia and midustrs 

It the conterence achieved its limited goals. at was due to the support 
MIT has recenved trom many individuals too mumerous to mention 
Cortamly the speakers and participants of the conference deserve much of 
the credit. Mar. Robert M. Colton and Dr. Jack Sanderson of the National 
Scrence Foundation, together with other trends in NSE who toiled with 
this concept, deserve most of the credit. 

he proceedings of the conference are published for the purpose of 
dissomunating the essence of the arguments, rationales and motives behind 
cooperative research, and also tor the purpose of providing a snapshot of 
the ever more rapidly cvolying relationship between academia and 
industy in the United States inthe 1970's. He these proceedings contain a 
few data pots that can elucidate the pros and cons of dynamin 
interactions between those who are promarniy charged wath pursuing 
Knowledge and cducating the vounger generation and those who ar 
basically responsible lon PrOSpenity ol people, itowaill have served ats 
purpose. Professor Bruce Mo Kramer and his staff certainty should be 
pleased with the outcome of the conference. T personally owe them a great 
deal of thanks. 
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1975. Dr Sub also serves as director of the Surftech Corporation of New Hampshire 
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Posen too poumame the MED facades 2s cn assen nate professor of mechanical engineering (1970 

79). Protessan Sub wos onthe teculo atthe Daversa of South Carolina om Columbia His 
wdustrial oxperence um dudes tour sears of cmplowment with the USM Corporation (1901 
>) and two vegans ol part-time: omplovmeont woth Guild Plastics. Ine (1998-00) He canned his 
SB. and SM. degrees trom MET in 1999 and Pol. pespectively. and recemned his PhD trom 
Cuammege Mellon University on 190d under a special tellowshap established Inthe USM 
Canpetation 

Prolesse Sulbs current trelds of research are manutacturme. trbolows. miuaterials 
pracsing. and cutiwig tool materials \enome his accomplishoncats on these trols an 
davclopments of new advanced cutumg tools. the delamination theoam of wear the 
mination ofthe anomatn spproach toopiumization of manulacturing sv stems, and many 
mew and commercially saccesstul polvmer processamg tochaiques such as the USM process 
tow Lamination process. and cloctraalmnedhanial bv brid mixing. He has also worked with 
the combustion of solid propellants om which be introduced the comcept of thenme 
mechanical cftects mothe solid phase reactoonm and a theons for super nate burming Over 40 
publications and patents have resulted trom: has work in addition to a textbook written on 
(Ollaboraton with Durner onuthed Flements of the Mechanywal Behav vn ot Solids, MeGiaw 
Hill Book Publishing Companys and Scapa Dechnica Publishing Company. \ special issu 
of the pournal Wear was devoted to his research on the delamination theory of wear whch os 
dhe availible in monograph tor. Phe hus been unvited to ene over 30 dectures at varrous 
unvorsities and professsomal oscitutions 

Protessor Suh hos comsulted jo mans tions and government agencies and os currents 
scrvindg on the stecting coun tithe Mishanme Tool Lask Fore Hea amember ot ASME, 
SPE. Ps Lau Sigma, Pha hogy ee Pha. Sigma Nao and COL ROP. and was the 1977 recaprent of the 
Crustus Lo Liason Menon! Ve dot the Amerie an Society of Mechanical Fnginecrs and Pi 
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The Role of the Public Sector 
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In past decades, the tedeval role in cooperatace research has been clearly defined in 
areas of deferse. acrospace technology and nuclear enerey--arcas in which goverment 
was the consumer, no industnal base existed, the iewe! of scvence and technology was 
high, and the R © Dost and risk precluded any single company assuming total 
responsibilaty. Inc aalan markets, federal assumption of risk and provision of support 
for the total spectrum of research, development and demonstration seems 
mapproprate. We must look for new solutions to today’s problems. Studying the 
experiences of Japan. Germany and Britain, although mst tie, will notanswer lS. 
problems 

President Carter's Domestu: Policy Review provided one focus tor examining these 
assues. Restoring and maintasning a stable economic climate, capital formation and 
regulatory stability must be emphasized. There is a clear need fora tedeval role in re- 
establishing the links between dustry and the academia research community, both im 
the fundamental sciences and in areas of technology underlying major sectors of ow 
rfconomy 

Several federal agencies, among them the Department of Commerce and the 
National Science Foundation, kave begun experimental programs, including 
CU nieraty Industry Research Centers in broad areas of wenern technology. 
unimerity-industry research on specitu topus, research support tor high technologs 
small businesses, and innovation centers to simulate the development of a new breed 
of engineers. These and other new programs are examples of new cooperate 
unnersity-industry-government ventures. From these expernmments we can drau 


information on which to base further activity 


It is a pleasure to have the opportunity to share some of my views on the 
federal role in sponsoring university-industry cooperative research and in 
insuring that the public interest is served. This cooperation is important, 
and IT will emphasize from the beginning that it ts three-fold, involving 
universit’, industry and government. Even in the many cases where 
government is not directly involved in relauvionships between universities 
and industry, it still stands at the table asa silent partner through the rules, 
regulations and economic policies it establishes and in which industries 
and universities must operate. In general T will limit my remarks to the 
sponsoring of activities in civilian sector research and innovation, since 
precedents are well established in defense, in aerospace, and in other 
research and technology where the government is the major Consumer. 
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brom the histomnal pT Spa tive. the problem that we cane addi ssitic. is 
lanly mew. Twents-tive sears ago. universitv-industns Cooperation 
represented about twelve percent of university research. Loday. the tunmds 
llowine mo uninerities trom mdustries are down to son thing juistanvet 
three percent, although the amount i uncreasing at present. Dhese 
Matstics in themselves do mot necessarily represent a setrous problem 
since the absolute level of indusin tunds thowing to unnersities ton 
reseach ties held constant on mcreased slighth over the same anterval Yet 
there ate broader concerns which have come up in our general ccomonms 
over the Last few decades that clearh indicate the meed tor increased 
couperation. Dwalldiscuss two types of roles tor the Federal Government in 
this countrys research and development envuonment. The tirst involves 
the establishment of asiqniticantnumber of map cooperative tochnologs 
centers, cach of which would underpin a Lamaly of generic technologies 
that support US. industrial productivin. The second is the Federal 
Governments influence through tax policy. For example. there have been 
proposals to allow a direct tax write-off tor undustn tunds thowing to 
universiy research efforts. and a direct tax credit against Comporate Lanes 
owed by the companys supporting that research. In essence. an mdustrs 
supporting rescarch in universities would get a double benetit trom the 
dollars tlowing out and would at the same time be independent of ams 
lederal involvement in the decision of which universities, which propects, 
and what type of research to support 

One of the serious problems that has caused our concern is the changing 
pattern ofourccomomes. Phe ten-vear slowdown of the pace of ino. ation 
In COS manulactuing mm comparison with our mapor tadimg partners and 
competitors rs well documented. Ths real, amd ats a cause for proper 
comcemm. The cause, the effect, and the SVTHp OTs of this so-called 
novation lag are bound wp ina cluster of Lactors that have affected the 
US. cconoms for over a decade. These include chromic unemployment, 
milationm. a slugesh growth on our rate of productivity, declining 
Mmternational competitiveness, chrome trade and payments deficits, 
weakening of the dollar, and sagging public contidence both at home and 
ébroad on the future of this country’s economic leadership. 

Dhese are ssmptoms of more fundamental changes that are taking place 
mn the United States and the global economy, changes which are going to 
require the continuing evolution of the role of the partnership among 
universities, industry and government over the next few vears. Basically, 
these changes revolve around a number of key decisions made, perhaps 
uncomscrously, on the sixties and seventies, to achieve social objpectives not 
reflected in the motketplace. Dr Wiesner mentioned earlier the great 
concemn tor avonding tisk. Not only on US. ondustr but throughout all 
elements of our socety there has been a push for environmental 
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LTTAPMCWCTINCTIIS, uf push low @teatet equily tor all catizens of the count 
Dhese are desunable goals. which will continue to recenve public support 
and represent a significant clement of the public unterest. But these drives 
also have real costs ass tated with them, interms of regulators complexity 
and uncertamtn in the marketplace. Phere ts areal price tor environmental 
cleanup and the achievement of social objectives. In response to these, 
PULGTIN COMTDP RATIOS CNET the Last few decades have been tonced to turn towards 
more defensive rescarch. These social movements have greath uncreased 
the uncertainty and risk associated with the long-range mmnovation and 
discovers that leads to the marketing of new products, which has been 4 
kevstone of the US. ecomomy 

\ second factor is the move towards what has been described by some as 
the value-added economy. We have gone from a reliance on domestic 
sources for raw materials, and the domesti manutacture and sale of 
products, to mmcreasing competition on a global basis tor both foreign 
markets and torergn sources of raw materials. Emerges os the most obvious 
example. In addition, our US. markets are being penetrated more and 
more by toreign competitors, and m mans cases we are finding ut difficult 
wo kheepup. Atypical US. auto manulacturer. tor example, makes about 
twenty-five cars per worker per vear. Dhis compares at present with some 
forty-nine cars per worker ina Japanese auto Lactors 

Phe increasing complexity of scrence and technologs os a thad factor 
that walltonce the government. undustrs and universities to recs aluate then 
stances. As scrence and technologs grow more complex, there ts added risk 
in sponsormne the broad base of research needed tor mew ono ations. Phe 
costs larger, the tame constant fora mayor new IO. atbon fs mow fen vears 
oroso, and there as a steadily decreasing Likelihood that the companys 
sponsoring the mutial research will be able to capture its benetits tually. 
Some of the studies we have sponsored show that. on the average, society 
gets about twice as much benetit out of a new mmnovation as does the 
company which makes i. So we can argue that there tsa socretal role and a 
societal interest in spomsormg research and innovation 

In many cases Pwould argue that more attention should be paid to that 
cnitiaal area between basic research, which is published in the open 
literature and available throughout the world, and the development of a 
specie innovation by a private company. Thos ts an area which has been 
described by some as good tundamental enginceerimeg research, by others as 
the support of gener technology. Overall, the need tor a closer look at 
these areas has bled to advocates tor a wide range of solutions. There are 
strong advocacy groups both tora substantial withdrawal of the Federal 
Government trom regulation and intervention oun the marketplace 
amc luding some torms of taxation), and tor the creation of a ULS.A.. Inc., 
led by government polivmakers, to provide direct Competition with 
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Japan. Inc... Germans. Ine... or whatever the competition may be. My 
personal beliet is that neither of these answers 6) going to work. Dhev an 
not realistic, Dher i no was that societs -- the Federal Government -- can 
om wants to draw back trom many of the social obpectives that have been 
achieved over the jhast two decades. IL vou do not believe that, simply low 
at Lake Superionor Lake Brive and ask vourseit if vou would like them the 
was thes were twenty vears Ago 

Ac the same time. its omportant torealive thatthe US. ecomomuc sv stem 
i» tundamentally based on tree enterprise, on the use of the marketplace to 
reward risk and punish tailure. Any public polis changes supported by 
the NSF or others should be dessrened to strengthen these characteristics 
not to weaken them. We must tind the mechanisms that the public sector 
aan use to stimulate innovation mn the private sector without forcing 
distortions in the publac marketphac 

We are not without some examples of ways to do this. Twill describe a 
few that we have expermmented with, and some that others have tied. One 
at the earliest examples was direct federal support of basic research. Dh 
Wiesner mentioned that itowas perhaps not as mach and not as well 
managed as we would like. Nonetheless, we have built on this country 
through thee Suppo of basi research. a strong scromtitn conte Pp ise thats 
by ans measurement -- Nobel prizes or whatever -- a leading capability of 
the counters. Thos clearly meeds to be strengthened. This county's 
educational needs in the scrences and engmeenng have been brought home 
as a poblem thats perhaps akin to one that we had on the carly sixties 
based on recognition of the declining screntitie capability of the average 
student m= othe United States, and the ounctreasine technolownal and 
screntiiic Capability of many of our competitors. At the present time, a 
Russian student graduating trom high school has had two vears of 


caloulus. Compare that wath test scores on the United States. where mans 


high school graduates cannot balance thei checkbooks 

Much attention in the recent domestic policy review on ino. ation has 
focused on developing generic technologies, those broad capabslities that 
undetiie mayor sectors of US. undustrn. As TP said earlier. on closer 
inspection many of these areas look Lhe good tundamental engineering 
research, materials research or research in some of the other physical 
sciences. T personally belreve that there is an increasing awareness of the 
need for the NSF or other organizations to strengthen then programs in 
engineering: for the Federal Government to accept responsibility tor 
fundamental research support across all of the engmecnng discaplines in 
the same way that to has accepted responsibility for the support of 
astronomy, the physical scrences and the biological scremces 

We need to reestablish the university industry Cooperation which has 
existed throughout most of the history of this country The NSE has 
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expernmented with a variety of mechanisms. Some of these have been 
identified as models that can be strengthened and expanded throughout 
the Federal Government 

Phe industry-university Cooperative research program of the National 
Science Foundation has been proposed tor substantial increase, from about 
a Sli million program in this fiscal sear to a $40 million program in the 
next biscalvear Phe model tor this ss aome-on-one, proyect by proyect basis: 
one Companys, one uMiversity, one progect, working across all of the 
disciplines im research areas supported by the NSE. Ttas a program in 
which the NSF will provide, with normal cost-sharing by universities and 
by industry, dependent on the size and the capability of the industry, most 
of the support needed tor individual research propects 

\ second model that we have experimented with i the university- 
industry Cooperative center, a torm of the generic technology centers. NSE 
has concentrated on centers established at mayor research universities 
involving groups of cooperating imdusties and based cither on a 
particular industual technology or on a particular area of research. In 
general, the NSE starts a center, provides research support during the 
critical vears of birth, and allows time for the center toestablish its identity. 
Over a period of vears the NSE support is withdrawn and the center 
becomes a self-supporting anstitute on the university. campus, with 
industrial funds providing the salartes and the cost of the research. One of 
the best examples of this i the MIT-Indusay Polymer Processing 
Program, with Dr Nam Subhas director. Lhe NSF has not been supporting 
that proyect now tor several vears. It has run over a hundred different 
research projects, has trammed many graduate students, and became within 
five vears of its startcompletely self-supporting. Currently the program ts 
operating with ahalt-mitlion dollar a vear research budget. Phe number of 
participaeting companies durmg the tirst tive vears grew trom three to 
iwelve 

Phere are other examples related to these cooperative centers. At Cornell, 
the Foundation established the Nattonal Research and Resource Facility 
for Submaicton Structures m= 1977, wath a tive-vear, five million dollar 
grant. Cornell has already increased its cost-sharimg to $800,000 and has 
established a building program tor the tacility that wall cost about $3.4 
million. To date, twenty-nine propects have been approved, projects such 
as the fabrication of clectrodes for nanosecond electrochemistry studies and 
for the study of quantum size etfectin small metal particles. Research and 
graduate training is contributing to the national effort in developing very 
small scale, vers large integrated circuits. Other mayor universities and 
mayor companies, along with Cornell, are participating in this program, 
which has generated worldwide interest. Although the NSF has supplied 
major research support, the center at the University of Delaware tor 
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Catalysis was established in 1977 by the university itself to provide a 
national focus for research and education in the tundamental science and 
application of catalysis. Each of thirteen parucipating companies are NOW 
providing about $25,000 a vear to support a broad range of research 


directed towards the national concern for energy resources, altermate 
chemical feed stocks and environmental problems. 

The National Science Foundation has experimented with a series of 
innovation centers, one here on the MET campus. These centers are 
designed to approach another problem: the problem of educating 
engineers and business school graduates who are interested in becoming 
enuvrepreneurs, leaders of high technology Companies, or leaders of small 
businesses based on high technology innovations. In the tall of 1980, the 
Foundation and the Department of Commerce held a major conterence of 
engineering and business school deans to examine opportunities fof point 
curricula, to see if we can reduce the sensitivity to technological risk of 


many business managers. The conference was designed to improve 
communication between the innovative engineering scientific 
community and the business leaders who, all too often, are focused on 
short-term, sure return on investment. 

If we look at sull larger university-industry-government mteraction 
outside the areas of defense, health and space where the government is the 
consumer, the tederal agencies are moving much more slowly. Some 
people will argue the effectiveness of the federal intervention in the nuclear 
energy effort. You will find less disagreement perhaps and more support 
for the older National Advisory Committee tor Aeronautics program. | do 
not at present see another NACA or the mechanism to form one, even we 
identified appropriate needs, but there are new programs beginning which 
can represent mayor experiments in large scale Cooperation, and provide a 
model for further cooperative research. 

The National Science Foundation has organized a team of academic and 
mdustrial scientists in the first phase of a ten-year, $700 million program 
for deep sea drilling, designed to produce geological, geophysical and 
other information related to the ocean margins. Called the Ocean Margin 
Drilling Program, the effort involves conversion of the 618-foot, 
government-owned Glomar Explorer into a ship capable of meeting the 
long-range objective of drilling in water up to four miles deep. The NSF 
budget request for this program ts expected to be matched by an equal 
contribution from the oil companses. During the first) year, we 
concentrated on technical design, engineering studies, scrence planning, 
site identification, and costestimation. We hope to have the ship converted 
and drilling started by 1984. This program represents a rather attractive 
convergence of several areas including the fundamental geophysical 
sciences, the technological development of new techniques tor drilling in 
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deep water and the exploration of some offshore areas of promising 
geological Construction, 

Phe primary thrust of this conference ty to examine wavs to improve 
svnergisuc interaction. T would be remiss, however, if did mot emphasize 
that the primary thrust of all this collaboration, at least in the programs 
which T have described so far, has been to strengthen screntili and 
techmical capability in the United States. Dhatcapability ultimately has its 
pavolf only when itis adopted by U.S. industry and brings mnovations 
into the marketplace. Without a strong innovative private sector we will be 
im trouble over the long term. Here, many of the issues related to tax 
regulation, patent and antitrust policy lie bevond the responsibility of the 
NSF. While we will Continue to monitor these issues and even tocomment 
on ihem in the Congress and the Executive trom time to time, we are 
simply one more plaver in the large arena. In one area, however, we have 
been identified tor a substantial program with the private sector. Phat ts 
the expansion of the Foundation’s small business innovation solicitation. 
This program tunds small businesses that are involved ino high-risk 
research (where moneys i never available) to get them into the later 
developmental stage, where venture capital usually can be found. It is a 
program which we plan toexpand by about a factor of four during the next 
fiscal vear. 

In conclusion, | would like to sum up my remarks by saving that there 
are substantial changes going on, in both U.S. society and the external 
environment, which will require us over the next couple of decades to 
rethink the structure of and policy towards cooperative research, 
University-industry cooperation will be a major component in 
suengthening the innovative and technological capability of the United 
States. Although, ultumately, much of this cooperation must be based on 
direct efforts between universities and industries, the government has a 
significant role, both in defining policies to create the environment ton 
university-industry Cooperation and inthe supportorimitiation of selected 
cooperauive programs uno selected areas, such as generic technologs 
CONCETNS. 

Finally, despite some highly visible successes, the wide range of 
cooperative research efforts needed, the dithiculty in identutving and in 
justifying the proper federal role and level of support in each specitic case, 
and the long, often difficult negotiations that have to take place to get any 
one mayor program started, our experience clearly indicates the benetit of 
and the need tor conferences such as this to develop more general 
guidelines. 


Questions 


Questione! het identtied: How do Vou propose tomecasure the success of 
these Cooperative centers as far as actually producing results: 


Jack LT. Sanderson: We have defined several measures of success. One 
measure is the number and success of products or new technological 
capabilities which clearly come trom these centers. In the case of the 
InnOvatION Centers, new Companies formed either while a person ts at the 
center oris working in conjunction with the center may be taken as a 
measure of success. But TP think that the fundamental Foundation atutude 
is thatsuccess will be proven by survival. The federal role in the centers that 
the Foundation proposes to start will be to provide funding to get things 
started and, over a period of time, to withdraw. Texpect that we will lose 
some -- if Pthought we could get one hundred percent success Td be ina 
different pob. But the object is to win more than we lose, in the context of a 
len-vear survival rate. By that criterion we can certainly win. 


J). HOU. Brown: Would you care to Comment on the relationship between 
industry and the government patent policy, and the licensing of patents to 
universities under these Cooperative programs: 


Di. Sanderson: That is an area receiving more discussion in Washington 
now than T can summarize brietly. There are several patent bills which 
have been introduced within the last vear. In general, the tone of the patent 
bills has been to assign to universities and to small businesses absolute 
patent nights, with certain provisions tor government march-in if the ideas 
are not developed. In some of the bills, assignment is limited to a detined 
set of areas in which the discoverer can idently areas of application; in 
other bills, atas a general assignment. | would sav that the chance of 
something getting through Congress over the next few vears ts fairly good, 
but there is sull enough disagreement on the particular form of the bill that 
will get through that T would hesitate to predict the specific outcome. I 
think that universities and small businesses definitely stand to benefit. 


John Bernard: At present there are two bills in Congress, the cooperative 
technology bill and the Vanik Bill. How do vou rate their chances of 
passage with the present mood of Congress and the President and so forth? 


Dr. Sanderson: The Stevenson Bill, which contained a number of 
provisions intended to strengthen our ability to understand toreign trade 
and to authorize the establishment of a number of generic technology 
centers, was introduced betore the results of the President's domestic policy 
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review became public. I have not seen any suong push atthe present time 
to bring that bill off the table and start moving it forward. Thus rs, at least 
in part, because both the Department of Commerce and the National 
Science Foundation already have the authority to start the Cooperative 
technology centers which were highlighted m that bill) Phe Vanik Billisa 
fanly new introduction, and Tcannot even begin to guess whatits late will 
be. That will depend in great measure on the public reaction to it over the 
next few months. Twould sav. however, that there is a heightened sense of 
the need to do something in this area in Congress, more than T have ever 
seen inniny time in Washington. Congress ts actively looking tor positive 
steps to take. Whether these steps will arvstallize around the two bills. I 
Cannot say. 


Arnold Kossar: To orecentl) completed service on the Domestic Poltes 
Review on tederal regulation _— innovation. T think that we should not 


the indean position as hardly that. lalsendiy. value alieheienss are 
involved when examining the very small incremental positive etlects of 
regulations as countered by the rather gross effects of the regulations on 
Innovation. Toyust want to stress that, in the particular case of the 
Subcommittee on Environmental Health and Satety on which T served, 
nobody inany was suggested that the societal obypectives are not pertinent 
and endurmnely worthwhile. 


Dr. Sanderson: You are completely right. TP think, om tact. that there as 
probably more discussion about backing away trom regulation among the 
bureaucrats than there i among industry. The comments TP have heard 
fromoundustry are not directed towards retreat. Most mndustrial leaders sas 
that thes will live wath the rules if the government will make them and 
leave them alone. Toas the uncertammty and the changing regulations that 
seem to be causing a lot ot the problems 


Rudolph Yobs: In this tipartite arrangement for Cooperative research itis 
probably casiest to mamta the interest of government and the 
universities. Piving to maintain the partionpation and financial 
contiibutions from ondustry is the most dithicult part. As a polioy matter, 
has consideration been given to the continuation of matching tund 
poles tomaintann mndustes participation: 


Dr Sanderson: That depends on the particular atea ot Cooperation 
Certainly with the project here. the Polymer Processing Center, the NSE 
started the program with the intent of getting out. TE Nam Suh could not 
persuade his industrial sponsors that he was worth the mones, then Nam 
Suh had a problem. In some of the other centers, the Cornell Submicron 
Facility for instance, we anticnpate that the Character of the research ther 
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and the interest in itis probably more fundamental than industry will ever 
be willing to support fully. Therefore, 1 do not toresee any pulling out of 
NSF support for that activity in the visible future. Clearly, each of these 
centers has a flavor which depends upon its relationship to the industrial 
partners involved, and upon where the center fits within the industry. 

We are talking about a very broad spectrum of activities, some of which 
indusuy is very excited about staying with over the long term. Indeed, in 
some discussions of the Ocean Margin Drilling Program, the point was 
made by an oil Company that industry can commit ity money, while the 
NSF has to be reappropriated every vear. 

Phere are questions on both sides about the duration of Commitment. 


Donald Buyske: It seems to me that we can all agree to the urgency tor 
Cooperation among universities, government and industry, but the moneys 
that vou are talking about is rather minor. Fitteen to forty million dollars ts 
a drop inthe bucket, if we really accept the mecessity of Cooperation and 
believe we should get on with ia. Would sou comment on that? 


Dr. Sanderson: The level of etfortin this phase ts clearly experimental. At 
one pomntin the President's Domestic Policy, Review recommendations, 
the proposal was to expand the industry -university Cooperation to about a 
$150 million a vear program, and to expand -- government-wide, not 
necessarily in NSE alone -- the small business program to about the same 
level. The focus on encouraging this Cooperation ts sull new enough that 
many poliovmakers, certainly many budgeters in the Federal Government, 
feel that we ought to go slow and learn a litthe bit as we develop with the 
objective of growing. [think there ts also a strong sentiment in many parts 
of Washington towards finding ways to do this without direct federal 
funding; wavs tochange the environment so that universities and industry 
want to get together. Phere are good models -- the classic one that is always 
discussed is the Harvard-Monsanto arrangement, but mentioning that 


program alone is an injustice to a lot of others. For example, there is the 


Delaware Center, which was started without a conscious federal decision, 
and there are a number of other programs here on the MET campus. So the 
current plan is to work towards a mixed strategy of direct federal support in 
some areas, and to provide the environment for university-industry 
cooperation in other areas. Also, [have not seen a cost-outol the Vanik Bill 
-- that may, in fact, represent a very substantial amount of money. 


Richard Alben: There is a difference in the style of research support at the 
NSF and at other government agencies. Phe NSF seems to aim more often 
at supporting an activity rather than acquiring a specific deliverable end 
tem. The mission-onented agencies often have been acting as Customers; 
as you said, they set their contract spec and want an end item delivered. 


Now, looking ahead to turther involvement in this kind of Cooperative 
research effort by the NSF and perhaps also by the mission-oriented 


agencies, do you see a natural splitin responsibility between the NSF and 
these other agencies according to thas difference im stvle. or do vou think 
the stvle will be blurred across agencies: 


Dr. Sanderson: T think a would be a real mistake if the stvle got blurred 
across the agencies. One of the sateguards in the whole federal system is 
that cach of the agencies has its own technique for selecting the research 
and the projects ito will support. TP view that as a saleguard agaist any 
particular sivle of research becoming dominant to the exclusion of others. 
So, T argue that a needs to be Kept diverse. But Tam arguing that we 
currently have a gap. Phe Department of Commerce has made a real effort 
to identity some of the areas of that gap, and the National Science 
Foundation, with some of its small experimental programs, has tied to 
hind wavs to work ont. Phat gap really les inthe area thatis atthe heart of 
this conterence: that is, how to deal with the private industial technology 
base underlying the economy. We are pretty good at dealing with the 
defense aerospace industries. TH we look back, we did a good job with 
NACA on dealing with auaiatt manutacturers and acrodviamics, but we 
do not seem to have developed the capability tor the Federal Government to 
support the sort ot broad manutacturmng capability that industry needs in 
order to Compete internationally 


Frank Laxar Some small, high-technologs businesses claim that thes are 
bang undercut by the government support of university, not-lor-protit 
research. Ts that a contradiction on a paradox: Would you comment on 
this? 


Di Sanderson: This has to do particularly with) some programs, 
mx luding some by NSE. which have established either regional research 
facihitves or instrumentation research capabilities that small companies 
view as direct competition to testing Labs or consultation research. In 
general, these centers have adopted the policy of being open, on a 
reasonable basis, to anyone with a @ood idea. Uhisis arisk. [tis one that we 
have been working with ina number of the associations of small industrial 
testing labs over the Last vear. EP think that the answer ultimately ts to work 
out some fan prong mechanism. This is necessary particularly tor 
industrial users, so that we are not undercutting the small business 
community, 
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BIOGRAPHICAL NOTE 


Dr Jack TP. Sanderson became Assistant Director tor Engineering and Applied Science 
BAS) of the National Scaaence Foundation when this duvectorate was established on July | 
1979. Dr. Sanderson had been Assistant Director of the NSF's Directorate tor Applied Screnec 
and Research Applianonms. which merged wih the Engineering Division to torm the 
Dares tonate tor BAS 

I): Sanderson had prev icnasty setsed as Assistant Direc zon lin Research Applic atnooms, 
Director of the Ottice of Planning and Resources Management, and Acting Deputy Assistant 
Darecton for Scaemee Education. Before pornmne the Foundation on 1471. Dr Sanderson had 
been lecturer, Director of the Cxchotron Laborato. and Assistant Director of the Physics 
Laboratories at Harvard University 

Dr Sanderson's promany research areas have been on solid state physics. especially muchear 
magnet and clectron paramagnetic resonance, low temperature and nuclear onentation. bbe 
has also done cxperoments in high-energs proton and clectronm scattering 

Dr Sanderson recened an AB oon physics and chemistry at Harvard University on 1998 and 


was awarded a masta s degree and a Ph oD. at Haarsard on 1467 
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Cooperative Research: Precedents and Priorities 
Dr. Arthur L.. Malentant 
Vice President, Instrumentation Laboratory. Inc. 


The essential element in a research actiaty i taking risks: the competitiue 
advantages which result trom taking risks provide the incentice for the research 
activity. Basw research is promanly the province of uniwersities -- its long-range 
pay hack makes ut rrprac tic al fornearly allindustnal concerns. Ipprle d research isthe 
province of industry, because of its vapid payback and lower risks. There must bea 
middle level research actiaty with good potential payback and median risk af 
mnovation and technology transfer are to thrwe. Cooperative research has been 
conducted in several ways. Traditionally, government agencies like the NSF have 
funded hasw research efforts in cniversities. More recently, ommovation systems in both 
universities and industry settings have also been tunded by government agencies. In 
defense-related areas, government has often tunded industrial research efforts, with 
and without unwersity participation. Cooperative research must address productivity, 
msure timely and extensive technology transfer, and perhaps most important, 
maximize innovation. This can be achieved through properly planned research 
programs which are part of an overall, long-range set of goals. The steps involved in 
developing an effective cooperative research program are: Liestablishing a priority for 
a specifu research area, 2) providing mitial incentive for industry to take risks, 3 
bringing together the individual groups on a common ground for conducting the 
research, 4) dev rlopinge the specifics of a project through a “common denominator” 
pariwipant, >) maintaining the interaction until the parti ipants are stabilized in it, 
and 6) monitoring the actaity’s productiaty continuously to further refine the 
process. The basic principles include providing incentive for risk-taking, requiring 
financial commitment from participants, and achieving objectives within a time 
frame. Industry-uniersity interaction, mediated and supported by the government, 
poses the best opportunity for research programs that will improve productiaty in 


both the short and the lone term 


I would like first to indicate the perspective from which T write: Tam 
associated with one of a number of small to medium-sized high-technology 
companies in the Route 128 area of Boston. As a high-technology 
company, we have a continuing obligation to investigate the best available 
technology in both the development of existing product lines and in 
appropriate expansion into new product areas. | will focus initially on the 
nature of the particular research Tam discussing, and will then move on to 
examine the opportunities for cooperative research, the precedents for such 
ventures, and the priorities which are the rationale for successtul projects. 
My emphasis is on applied industrial research rather than basic research, 
since basic research is primarily the province of the university and the 
largest industrial concerns. 
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Lhe essential element im any rescarch activity os that of risk-taking. and 
historically, the tame required to pay back on basic research makes such 
acuvity impractical for those companies who concentrate on inno. avon In 
new product areas. The functioning R & D group in a company must 
analyze with care the opportunity to be gained trom a particular project in 
order to direct resources properly into progects that will serve the corporate 
needs. The R& D group must then assess both the risks and the amount of 
Invention or annmevation required to achieve the established goals 
successiully. Samce the resources imo any organization are finite. this 
requires, in addition to a careful evaluation of cach project’ under 
consideration, a caretul sctuing of priorities among projects. [hits effect ts 
10 be long-term, the research must develop the technology available to the 
company. Lower risk activities, such as an improvement on the svield of a 
particula process, will not result om the productivity improvements, 
competitive advantages, and real innovation which higher risk-taking in 
research porcine us 

Applied researchois the province of rndustis: the results of such activity, 
Ho properly amplemented. pay back rapidly, and the possibility of total 
fathue aomuch reduced as compared to thatin basic research activities. 
However, innovations likely to sutter. and technoloes transter trom basi 
10 applied research mas be difficult, unless there i a middle level 
research activity both with good potential payback and of higher risk than 
anindinidual company oneven mndustrsy can absorb. Here les opportunity 
lon Cooperative research 

Government clearly has a place in supporting cooperative research 
ventures, as ttdoes in supporting basic research activities. Phe President's 
Podustoal Pn. ation Dnitiatives msaed on L979 include a discussion of the 
govornment-cenenated ccomomim mcentives necessary if ROX Dos to be 
canned out by ondusto. The importance of the development of these 
mntiatives cannot be understated: minvolved cighteen months of planning 
by twentv-crght tederal agencres, JOO @oancrnment offfenals and 150 
representatives of business and industiy. Phen charge was) What actions 
should the Federal Government take tocncourage dustrial pos ation: 
Subcommittees focused on several topics, including environmental health 
and satety regulations, procurement and direct federal support of R&D, 
i vulation of sorcduastes structure and « COPUDPHOTIT HOD, poatenl and mnformation 
polis, and ccomomnc and trade poly. DPhe anitiatives address several 
areas, Speciticalls. thes offer proposals to bpenhance mformation transte 
via federal tec holows conters, 2) anerease technical Know ledwe by means of 
gener technologws tramster comters, 3) strengthen the patent system by 
dlHowing the ossuamee of exclusive licenses to companies for federal 


technology. fd) clarity antitrust polires. 9) aid small innovative firms 
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6) open the federal procurement mechanism to innovations by developing 
performance ciiteria that establish the relative merit of Competing designs, 
and by looking at operating Costs as wells purchase costs of equipment to 
be pourchased by the Federal Government, 7) improve the regulatory 
svstem., 8) aid in adjustment to technological change. including a 
forecasting system of industuial changes, and 9) maintain a supportive 
environment for iimovation, 

The progam would include a national conference on innovation, 
Presidential awards, and the removal of legislative and admunistrative 
bartiers to innovation. The promulgation of these imuitiatives clearly 
indicates thatthe United States government ts interested in supporting the 
Innovation process, and is willing to make Changes in ity operation todo 
SOD. 

In Japan. which has an excellent reputation tor mmnovation, the 
telationship between government and industri) long-standing. A 
number of factors have resulted in the Japanese success in penctratne 
outside markets. First. Japanese industry ts export-oriented, in Contrast to 
United States industry which is onented towards domestic sales. The 
Japanese government focuses on helping undustries to Compete against 
other counties, although ators reluctant to foster COMpCtnbOn within 
Japan. This relationship between) government and undustry. the 
organizational design of Japanese companies, the propensity tor risk- 
taking and the reward structure in Japan all contribute to the result that 
more TS. patents are issued to Japan and to Japanese inventors than to 
any other forergn nationals. At the same time, fapan expends a slightly 
smatler percentage of ats gross national product om research and 
development than does the United States. In Jagan, the ratio of midustiial 


io gvoncmmental R&D tunding is approxumatelys O88" odustrial, 


82% governmental 

Germany ranks second to Japanin US. patents issucd to borergners, At 
24% of GNP. the German expenditure on research and development ts 
slightly greater than that of eather the US. at 2.2% oF thatot Japan which 
spends slightly less as a percentage of GNP that the U.S. In Germany the 
ratrooot andusty to government R& Dtunding is 62% to S8%, whale onthe 
US. this ratio is approximately 90:90, with slighth more R & D being 
fumed by the government than by industos. German government 
cooperation tends to bein funding R& Dirather than indeveloping pounths 
fianaclead porowranns 

In Istacl, depending on where a company locates, there are ROX D 
mcentives to support ap to SO of the cost of industrial research and 
development tor approved enterprises” Phe criteria used tor appro. aloft 
enterprises mclude the expected tise in product value, the development of 
technology. and, more signiticanth a high export potential However, the 
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inflatvon rate mm Istael i extremely bh and the government tunds 
research on a rembursement basis. Pho. sults that. although one may 
accurately forecast the cost of doing R & D, the amount repaid to industry 
by the government iu substantially less in actual value than the orginal 
funding, which was established in Istach pounds. This problem, coupled 
with bureauqaaue delays in actually issuing the reamburscment. makes 
Iiacl’s approach to research funding less than attractive as a model. The 
selection Process Is alsosomewhattaulty. wah the result that a Bical deal ot 
the funded research sields products with extremely limited market 
potential The Israch experience is not without merit, butt does pot out 
the defiaendes in using this technique to provide a cooperative research 
polian. 

In the wiea of Cooperative research between universities and midustrs, 
MIL exhibits a sound series of programs which deserve attention. For 
many vears., MIT has had a technology transter program called The 
Industrnal Liginon Program, which provides the mcentive tor industry to 
mdteract with the faculty and stalft atthe Institute. TP have particypated in a 
number of these programs and have found them to be vers helptal. 
(Because of ow corporate size. Instrumentation) Laboratorns actually 
belongs to the Associates Program. which a designed for somewhat 
smatier companies than those generally found an the Industrial Laaison 
Program.) Sdditional cooperative programs at MEP involving industrial 
support are the Center tor Information Systems Research and DPhe Sea 
Gant Collegium, which ts part of the Seca Grant Program. 


In the area of government-sponsored Cooperative research, one of the 
more significant programs has been the National Scrence Foundation 
R & D Incentives Program. Three of the progects funded under this 
program are the North Carolina State University Furniture Ro & D 
\pplications Insutute, the MET Polymer Processing Program and the 
MITRE New England Energy Development System Center, Phea primary 
purpose wasand isto link university R& Dwith undustry needs. Phe North 
Carolina State University program was designed to create a mechanism to 


join the research capabilitves of the university with the research needs of 4 
hagmented, traditional industy. The companies mvolved ranged from 
those considered to be mmmovative on then tield to those comsidezed not 
mnovative. Unfortunately, this program was initiated pust prior toa mayor 
recession, resulting in less participation than might otherwise have been 
expected, 

The MITRE New England Energy Development System Center was 
different in concept from the other two proyects. METRE served asa broker 
between organizations with R & Dexpertise and energy-related Companies 
requiring access to that expertise. Barners to the success of the proyect 


balitunt . Note 1 bw \swm bates Proves wn has tow teat ieetea veal pete thy lrvtoostrial i 14incen Promtam 
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bxame apparent when MEEPRE requested funding tor a projgect trom a 


utihty. Legal regulanons dictated Yow much of a utuliy'’s budget could be 
mvested ino rescarnch and development. as well as how much of that 
mvestment could be passed on to the consumer through muncreased utility 
costs. As acresult. the effigency of the program was compromised, 

lhe onginal objpoctive of the MELT Polymer Processing Program was to 
develop a cooperative ROX Do venture with companies mnolved on the 
polvier processing undustiy. Carrenth. the progiam is technically and 
financially veable. In this program one finds, P believe. allot the elements 
ofa successtul rescarch and development activity. oc huding the necessary 
msk-taking. Phe indinidual propects undertaken do more than sampls 
attempt toommerease wield: they aim to provide mmnosation to the polvines 
processing gndusty The progianm necessitates mteraction between the 
dustrial and academe members of the team, and, because the number of 
projects ot mntetest is greater than the resources avatlable, prrority setting is 
a onecessany and Cee ae TEV GEN I tie priority scttang and oie action 
among participants provide the covironment to msiare both omeos ation 
and commercially viable ideas 

Vireview of the process which established the MET Polymer Processing 
Progam provides an outline of the species fora successtul Cooperative 
research venture amothe future. Tnatially. the Tostitute established the 
promis olaneed torrescarch ina particular genetic areaottechnologs. on 
this case the processing of plastics. Dhe government, through the National 
Scrence Foundation. agreed to bear the mutual rosk-takine cost. ondonarils 
borne by omdustny. so thatthe research progodt could retlect real onvciuastrs 
needs. Government support was comtinued until the partoaipants were 
stabilized inthe relationship. Because the progam was undertaken by a 
unaversity amd oat) oa oumiversaty, oandividuals from many separate 
organizations could come together and internat. This aspect ot tbe 
progtam roextromeh onportuoat, sence the mdividuals mnvolved miteract 
notonhy an regard to the progiam: propects but aise ona personal bevel, 
bach of the spoctti research prope ts os developed by both the adustnal 
members and the cversaty portecipoants. with the university serving as the 
final arbater of which propeets wall be pursued. After cessation of 
QOveTIINOn, support, government continued its volvement throuel the 
comtinnal monitoring of the process to check productivity. The ongomg 
process ob monitoring productivity gscextromelsy nmnportant its role canner 
be overstated 

Tn summa. Pwould Tike to pownt out the requirements, amy view, bor 
asuccesstul cooperative rescarch venture. Dhe tinst step nn the process es the 
etublishiment of a prot. for rescarch in a gener research area. Tt as 
Wapato to address a research area. simce ators camrealistic to expec 
companies who are direct competitors to work together On the other 
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hand. companies with objectives as diverse as the manutacture of 
automobiles and of blood gas analyzers, for example. can be brought 
together to work on problems associated with the processing of polymers 

The next step ts to provide uncentive tor taking risks. Thos is supplied by 
govetmment funding of the initial stages of the program, and allows tor 
both more mnovative progects and the tome for the program to demonstrat 
its feasibility. Dhe level of risk-taking. and the potential pavott, should be 
higher than those which ans mundividual mombea mueht undertake of uncun 
alo 

4 ‘ve other element eascTitna, im Looping itv tteaiticony cel peter tan 
membors focused on prow activities as the roqguarcmnent of a timancial 
commitment by the members. The benetu here om twotold. Furst. che 
mvestment «ol fuatncls as well is stall tin “il ‘ ssitlec Tevioew The 
Valuation as an ongomg process. Socom. thy hatthe mone. mnested 
is berg leveraged sagaaticantls by the participate tothe: members wall 
CTM CMI AR CIC TOT PRAT iC pardon cont t hoe pratt cole Vesta 

Lhe tocusct the propectomust be om tescanch wot TULLE MeL LL 


Dhiss Kanned cot me TENGEN wall sppsure tty ‘ Tree gat ¢ lye Leest pocenpole Theor 
thy rigdave tr sats itn will porcwn tale howl) protevit i} pras toot te? sumcesstul 
prapects Ihe owntetatoon between rouse ft othe | uvegsity oon 
strmulatineg atcas of mutual mterest 5 bthat cooperative research 

ellorts must be despemed to tultill 
banally. the productivits of the process must be monitored comstanth. tt 
is Tlast as buvipwort it tee Kodoow when fee STCOTD a PCT TTD as at ist »hbOrM ws bpewe 
PhO NT PD) COMDEEDDUGIDD fo porcretarn Teo cochclatacon potarenavinng ello tive 
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Nhaisvin) Coldboreer would dike ote describe annothet nodded tos 
cooperate rescaneh activity, ome  dithorent from thease. Tike ch 
Harvard NMbonsante agreement, that have been described todas 

Vt Caltech we have a progam called the Siltcon Stractures Progam, [hes 
a collaboration of seven companies which are clearh head-to-head 
competitors in some sense Liev unchude companies like IBM. Nerox and 
Hew bett-Packard, and arc concemmed proomanh wath the development of 
vers Large-scale amtegrated cicunts and the design of Computer architecture 
and software to utilize evolving technologies. bach of these compunies 
comttibutes STOOLO000 4 sear and semels ome on nore } cnpole to Caltech as 


Visiting protessors. Phese professsomals are involved promariy on che 
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research activities associated with the program. We have managed, 
somehow, to solve some of the problems in the program associated with 
restrammts, patents and the ike to the satisfaction of these Companies. 


Ido mot think Pwall take the time now to go through the details of the 


agreement, but it any of vou are interested Twill be happy to supply vou 
with a copy of them, 
Lhais program, to the bestot my knowledge, had no input ot government 


funds to get at started. Itas mow im ats second vear, and there are three 


additional compantes mterested in pouning the activity. Pthink thatitis an 
mteresting model which conceivably could be followed in other areas that 
deal with a tundamental technology of use to a rather broad spectrum of 
industries, who feel that then competitive advantage ts served by being in 


on the ground tloor in the development and who benetit trom the 


Interaction with people in the university Community. 


Wasvne Moris: Do vou think that public universities Could handle the 


same type ol program: 


Di. Goldberger: Tdo not see any reason olfhand why they could not, but 
my whole experience has been with private universities. 


Daniel Drucker: Pmay have an answer to Wayne Morris’ question. 
At public universities (the University of Hlimois Comprises my present 
and only real experience with public universities) it turns out that 


companies are indeed willing to cooperate. We have a valuable Cooperative 


fracture control program which predates most of the programs that you 
have heard about. A dozen companies participate, but they are very 
reluctant, even though they are very large Companies, to give more than 
something on the order of $15,000 a vear in cash. So there is a distinction 
between public and private universities. 

I wonder whether m dealing with MET or Caltech instead of Berkeley o1 
Hiimoiws one is dealing primarily with value received, or to some extent 
dealing instead with philanthropy: 


Arthur L. Malentant: T would say that in dealing with the MIT program, 
we are very definitely dealing with value received. The amount of money 
that Instrumentation Laboratory is required to contribute |) participate in 
the program ts not mconsequential to a company of our size. If we did not 
feel that we were getting full value from our investment, we would 
definitely not have participated tor as long as we have. 


” 


BIOGRAPHICAL NOTE 


Dr. Arthur L.. Malentantrecened a BS. inchemistry trom the University of Rhode Island in 
1960. After spending three vears ay a research analytical chemist with Corning Glass Works, 
he entered MIT as a candidate tor the PhD. degree in analytical Chemisty. After graduating 
in Mas of 1967, he took 4 position with Instrumentation Laborators Inc. in then Research 
and Development Department. Subsequently. Dir Malentant formed and managed the 
activities of the Lechnical Services Department within the Biomedical Marketing Division of 
the companys. More recent positions have included Vice President, Corporate Development 
His current tithe is Vice President. International. In this role Di. Malentant is responsible for 
sales of all product lines of the company in Canada, Latin America and Mexico, and the 


Asian-Pacitie area. including the People's Republic ot China 
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Public Policy and the Innovation Process 


Di. Courtland D. Perkins 
President, National Academy of Engineering 


{ec ording to many. a deterioration in ourinnovation climate has contributed to the 
decline in this country’s world trade position. Innovation is that spectrum of activities 
extending from invention and creativiy atone end, tonew productdevelopment at the 
other, The many studies of ovr innovation problems over the last 13 years have had, 
until recently, no impact. The continued decline of our economic vitality has finally 
gotten the attention of Coneress and the Executiwe Office, and we now have stated 
Presidential Initiatives and several hundred bills presently in Congress dealing with 
public poluy changes to improve the situation. We should, therefore, focus more on 
concerted advocacy activities and less on studies. 

Most of the studies undertaken and public policy nitiatives recently published focus 
on the developmental or entrepreneunal end of the innovation spectrum. It is less 
evident that changes in public policy can attectour creative environment significantly 
The tlow of new ideas is traced trom universities, industry and government 
organisations The unwersity-bhased research laboratory with creatwe faculty, 
excellent graduate students and first-class facilities ts particularly important. If a 
creative encrronment with sone motiwating potential can be developed, industrial 
interest will be more ov less assured and little change in publi policy will be required. 
A viable quid pro quo between the university research group and industy, is the major 
requirement. The Laboratory tor Manufacturing and Productivity at MIT is a case in 


point 


The subject of “Public Policy and the Innovation Process” creates 
concern today at nearly all levels of our national lite. The public tocus on 
Innovation asa problem has emerged as a result of our growing economic 
problems and loss of competitive edge. These are measured by a negative 
balance of pavments, the decline of the value of the dollar, and the 
diminishing vitality of American business enterprise. Our deteriorating 
position in world trade is thought by many to be the result of a decay in the 
‘innovative environment, and we are frustrated by our inability, so far, to 
remedy that decay. This problem has become severe enough to receive high 
visibility and priority at all levels of the government -- itis probably just 
behind the issues of defense and energy in national prominence. 

There have been many studies of the innovation” process, with 
considerable disagreement over the nature of the problem and the means to 
improve our national position with respect to it. There ts general 
agreement, however, on the definition of innovation. Most will agree that 
innovation ts that spectrum of activity covering invention and creativity at 
one end, and the successful introduction of new products based on new 
invention at the other end. The twoends of the spectrum, the inventive and 
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the entrepreneurial, are very different, and public policy will affect them 
differently. Dhere are dithiculues at both ends of the spectrum, but most of 
our attention has been focused on the entrepreneurial end. [tis essential 
that we consider our shortcomings in inventiveness and creativity as well. 

The total innovative process from invention to successful product ts not 
usually a continuous one. tis rare for the inventor of anew capability ora 
new departure in technology to be able to transter this technology to the 
entrepreneurial arena and properly exploit his new invention. It is more 
usual for the entrepreneur to seek new ideas from many sources and explo 
them ino a profitable enterprise. We have many examples of such 
discontinuity. Dhe great invention of the gas turbine during World War Il 
was made by an Englishman (Whittle) and a German (von Ohain). Then 
new invention was picked up by Pratl & Whitney and General Electric in 
this country, who continued its successtul development and exploitation 
and now dominate world sales. Our invention of the transistor (Bell Labs) 
was adopted by the Japanese, who developed certain aspects of its use, 
including televiston (also our invention) and now compete successtulls 
with us in several important areas. In other cases our own ideas are 
developed rapidly enough to keep one step ahead of the hungry 
entrepreneurs in other countries: this happy exploitation of the full 
Innovation specthtum has occurred ino the airplane and large-scale 
computers fields. Just as important as the ability to be inventive and 
creative ts the ability to transfer new inventions into the development and 
successtul exploitation of mew products. 

As T mentioned, there have been many studies from different sectors of 
Various aspects of our innovation process. Although agreement on many 
aspects of the problem has been reached, and numerous recommendations 
for action have been made, there has been almost no progress untl 
recently. One of the first studies to attract widespread attention was made 
mn 1967 by a group under Dr. Herbert Hollomon, then Assistant Secretary 
of Commerce tor R & D and now of MIT. His advisory committee, CTAB, 
cop ducted a large study chaired by Dr. Robert Charpie, president of the 
Cabot Corporation and then a member of CTAB. The results of this studs 
highlighted the basic character of the innovation problems and made 
many recommendations, none of which were acted upon. Since the 
Charpie report, numerous other studies have been made, and have come to 
the same conclusions, with equal impact on the natronal scene -- none at 
all. 

The National Academy of Engineering, under the chaimmanship of Dr. 
Arthur Bueche, Senior Vice President of General Electric, conducted a 
study of these studies in December 1979 in an attempt to highlight then 
common tindings and to delineate actions for the immediate tuture. Its 


purpose was to assist the Carter Administration, which recognized the 


problem and made the first steps to influence public policy in these 
matters. 

President Carter's Assistant Secretary of Commerce tor R&D. Dr. Jordan 
Baruch, and Di. Frank Press. the President's Science and Technology 
Advisor, under specific instructions trom the President undertook a 
massive review of the innovation problem ina Domestic Policy Review | 
starting in April 1978. This review involved groups and individuals trom 
industry, academia and labor. Phe culmination of the study took place on 
October 31, 1979, when President Carter issued his “Industrial Innovation 
Initiatives.” The President indicated that his Administration would take 
action IN Mine ways: 

Enhance the Pranster of Technical Information 
Increase Technical Information 

Improve the Patent System 

Clarity Antitrust Policy 

Foster the Development of Smaller Innovative Firms 
Improve Federal Procurement 

Improve our Regulatory System 

Facilitate Labor Management Adjustment to Innovation 
Maintain a Supportive Atutaude toward Innovation 

TDhese recommendations are not really new; in fact, most were made 
oneimnally ino the Charpie report and by others since. But they are 
considered by many to bea useful first step in adapting public policy to our 
Innovation problems. 

Most of the studies of innovation to date focus on problems at the 
entrepreneurial end of the spectrum and dealonly brietly, itatall, with the 
inventive or creative end. The suggestions made are concerned primarily 
with inducing industry to become more supportive of university research -- 
tas at best an issue controversial and difficult to rationalize 

As so much attention has been focused on our entrepreneurial concerns, 
I would like to address our innovative and creative capabilitves, and the 
difficulties we have at this very important end of the innovation spectrum, 
Almost evervone continues to assume that we have maintained a constant 
flow of bright new concepts and new technology. and thatour problem lies 
moun mnabilits to capitalize on them because of Cuippling laws and an 
unfriendly govermment-ndustry telationship. But many today are 
questioning our technological lead. and thes feel that we mas be losing 
some of our creative initiative. TP this is so. we have a new and difficult 
problem. Tt is this aspect of the situation that PE would like to examine 

First, where do most of our brilliant new inventions oF Concepts come 
from: O8 course thes emerge trom mans different sources, but most 
develop in organizations that) support) brillianth creative people 
Innovations spring from very special environments which develop then 
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own creative motivations and challenge thei participants to think 
darmely. These organizations can be in universities, industry o1 
government laboratories. In universities, new ideas frequently come from 
research activities centered around a facility or a selfl-motivating group of 
faculty. MIT has had and sall has many of these centers of Creativity, like 
Gordon Browns Servomechanisms Laboratory and jerry Wiesner’s 
Laboratories for Rlectronics. Wanen Ko Lewis) great Chemical 
Engineering Departnent of the 40s and (50s was a hotbed of new ideas and 
new wars to apply chemistry to the solution of problems and the creation 
of new capabilities. The remarkable Instrumentation Laboratories of 
Stark Draper. trom which flowed many new inventions, including tire 
control and imertial guidance, is another example. Any voung graduate 
students who became a part of that laboratory from the 1940's through the 
960s were excited and strongly motivated towards the creation of new 
ideas. The important aeronautical group at Caltech under Clark Milliken 
and Theoaore von Karman generated another great outpouring of ideas 
and voung people who, upon leaving, plaved a dominant role in the 
application of these technologies to new ancraft design. From these great 
teacher-scholkars and thea highly motivated students came a flood of new 
technologs and carcatve concepts. Phis technology casily transterred to oun 
expanding high-technology mdustry to provide the powertul innovative 
climate of the T9400, and 0s. 

Lhese mew technologies were not coming only trom university 
laboratories: by far the largest contubution came from industry and 
government research Laboratories. However, these labs were populated by 
the emerging graduate students, who were motivated to generate new ideas 
and proypect these ideas into new products for the marketplace. Indeed, 
many of these students mitiated small new industies and ultimately 
became part oof the entrepreneunal activity. The great majority of 
technological advances came trom industrial research and development 
groups which were supported by active and related university programs 
and by educated and enthusiasuc graduate students. Spectacular advances 
in technology have sprung from industrial organizations such as Bell 
Labs. Exxon. ROA, DuPont, Boeing, and others. The tlow) ol 
technological advances trom industry has accelerated over the past decades, 
while the interrelationship between industry and graduate engineering 
education and research has deteriorated, This is now a mayor problem in 
OUD Innovative environment. 

We have seen very productive government research and development 
laboratories that have made, and in some cases continue to make, strong 
contributions to the creation of new technology and new capabilities. One 
of the foremost of these was the orginal Nattonal Advisory Committee for 
\eronautics (NACA) This organization, by careful Choice of people and 
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the creation of a surprisingly Greative environment, dominated 
acronauuical technology development tor the decades before and atter 
World War IL. Here again we sce the success of a research activity populated 
by first-class people who are equipped with superb tacilitves and work ina 
highly cGeeatiwe envionment. Our concer today i whether these R & D 
organizations are being supported adequately by our universities’ graduate 
engineering and research programs, and whether public policy can 
influence these organizations. 

Phe impactotmdustial and governmental research Laboratories on oul 
Inventive or creative output, and how this feeds into the entrepreneurial 
end of the immo. ation spectrum, requires a study of some magnitude. My 
concern here as maink with the conuibution of modern university 
enginecring education and research programs, and them capability to 
influence the creative thinking of voung graduate students. 

In a discussion of the creative environment within our enginecring 
schools. we should tirst examine several factors that intluence how we do 
business and where some of our problems lie. First of all, modern 
enginecring interests have then own spectrum of activity. Enginecring 
vanies broadly trom: what we refer to as engimecring scrence atone end, to 
detatled hardware design and development at the other end. Many muistakes 
are made when the basi differences between these two ends are renored 

bneimecung scrence has emerged as amayor focus of engimecring schools 
and engineering research. Toinvolves areas of Classical phivsics now largely 
abandoned by top science departments, such as solid state physics, polymer 
chemustry, thud mechanics, thermodynamics, materials and soon. The 
emergence of cngimeciing scrence has dominated the growth of modern 
engimeciing schools: mans now have ‘enemecnme scrence in then names, 
along with expanding Ph.D programs and tacult. research. Indeed, 
faculty appomtments over the past decade have been based largely on the 
expansion of interest in engineering screne 

Phe other end of the engineering research spectrum: ts focused more on 
appheations and solutions torcal problems. [tis here that mayor mdustrial 
interest resides, and the recent decrease ino industrial cooperation with 
universities ts partly due to the macreasing university focus on engineering 
scrence. Industry s basic concerns that a voune Ph oD. student who has 
done research in some sophisticated area of engineering scrence will not, on 
many cases, be motnated toward the creative role expected of him or her in 
mcustry 

No matter how we enginecting faculty dishke facing it. the best 
engineers, unlike screntists, are found primarily on indusiry rather than in 
universities. This can be measured by looking at the election to the 
National Academy of Scrences (NAS): some 97% of its members are trom 
academia, while in the case of the National Academy of Engineering, 95° 
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are from mdusiy, 37% trom academia and & trom government. The 
university Laculues stack up better at the engineering science end of the 
specthum and less well, of course. at the applied end. Loday we are 
concerned about the whole spectrum of enginccring imatiatives, but in 
particular about the applied end. where concerns over loss of invention 
and creative innovation are the ereatest 

In order to discuss thes problems further, we must look at the 
ganization of university research im recent sears. Before World War H 
there were onkly a tew Slgtiilic an vraduate research activities. A few 
examples were MEPs Instrumentation Laboratories of Stark Drapes 
(Sperry). the Aeroelasticity Laborators of Mantred Raucher (Vought), and 
Caltech ’s Guggenheim Laboratories (GALCIE) under Clark Milliken and 
Dheadore von Karman (Douglas, North American, Northrup, etc.) Phere 
were others, but thes were small Dhese programs had good relationships 
with pertinent undustry, and most offered the MS. degree only; very few 
enginecring PhD. programs existed at that tine 

Phe big change in university research activity came with the advent of 
World War TE During the war, President Roosevelt's extremely effective 
science and technology, advisor, Dio Vannesvar Bush, put together two 
operating research ocntities: turst. the National Detense Research 
Committee (NDRCO) and later, the Ottice of Scientific Research and 
Development (OSR&D) Through these organizations large amounts of 
moneys were fed into R&D programs tor the war etfom. Vannevar Bush at 
that tame made a crucial decision that has athected university research and 
waduate programs ever since. He decided to house mayor research and 
development programs on university campuses, involving the Laculty and 
eradicate students, and agreed Tod pra the university the fullindirect costs of 
these programs. He decided not to pull the Laculty trom the university and 
wet up centralized lacihitves or mstitutes. (An CNCOPLION, of course, was the 
Manhattan District Propect.) As a result, we have seen a large expansion of 
reseatch Laboratories on our campuses with sponsored research focusing 
more and more on engmecnng science and the societal aspects of 
enginecring 

The thow of dollars into these Laboratories has been large, and almost all 
of it now comes from government sources. Industry has disappeared as a 
mayor Lactor in the supportof university Laboratories. Phe important by- 
products of these research activities, the graduate students, have developed 
primary interests even more closely aligned to the engineering scrence end 
of our specttum. They have recenved Ph D.'s, poiuned faculties and canned 
them research interests even closer to the science end. Many of these 
students were not motivated towards the creative interests so important to 
industry. As a result, the close interplay between industrial researchers and 
university faculties dwindled away. 
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The shilt towards engineering science is not at all a bad thing; 
enginecting scrence is a crucial element of modern enginecring and must 
continue to be supported strongly. My main concern ino this paper, 
however, is the applied end of the spectrum, its relationship to our total 
Innovative process, and the part init that modern enginecring education 
and research should play. 

Dhere are mans research activities inour engimecring schools that tit the 
definition of applied research and are of interest to moder high- 
technology industry. MET has many of these. including the Laboratory tor 
Manulacturing and Productivity, the Laborators for Electronics, and the 
Gas Turbine Laborators. There are many others, of Course, outside MELT. 
Phe output from these particular research activities can be of great interest 
to mdusty. but most CNM CHING rescare h PlORlaMs MD OuUL CHeccHing 
schools today are not well svachronized with mdustrral mterests and do 
not motivate students towards mmmovative thinking. Phe mai purpose of 
these Laboratories must be to attract brilliant voune students and excite 
them with the possibilities of a highly creative career. Tt we don't do this, 
we are getting into deep trouble at the creative end of our innovative 
environment. 

The financing of university research varies with government agencies. 


The National Science Foundation has always sponsored research in the 


enginecting sciences, and recently has made organizational moves to play 
an even stronger role. Basic engineering science research ts also sponsored 
by organizations such as ONR, OSR and NASA. The more applied areas of 
enginectring research are almost universally sponsored by the operating 
agencies -- the Wrieht Field An Force Laboratories: Flight Dynamics, 
Propulsion Avionics and Materials; NASA; the Department of Energy: the 
Departnent of Dransportation, and soon. The magnitude of this support 
isvery large and dwarts the more basic program support of the NSE. 

Industry support of university engineering research has been ditfticult to 
rationalize in the face of large and multiple support possibilitves from 
government agencies. In recent vears industry support has largely been in 
the form of fellowships, scholarships and small grants. One support 
technique that has found some favor, and which ts in the minds of mans 
the best possible arrangement, is the Corporate Associate Program, a quid 
pro quo agreement between industry and a university research acuvity. 
Industry pays a set fee per vear and helps with the identification of research 
objectives. In return, i receives quick access to all research results, frequent 
discussions with involved faculty and stall, and early contact with the best 
graduate students. The tees involved can be used quite tlexibly by the 
research group or department and can act as seed money tor many 
undertakings. This program is an excellent way to involve industry, 
particularly at the applied end of the research spectrum 
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Now, whatos u that industry would like to sce in the technical programs 
of our universities? First, they want to see the very brightest of our students 
aturacted to scientilic and technical fields. They would also like many of 
these young people to be well-motivated towards a Career in the creative 
areas of modern industry. To accomplish this, T believe that we have to 
change some of those basic interests of enginecting school Laculties that are 
woo strongly onented towards engineering science. We need more 
engimecring faculty with industrial experience. 

What changes in public policy might have a significant effect on the 
creative end of owt immovation spectrum and, in particular. how might 
such policies affect the university research scene? Several such policy 
changes are currently being suggested and studied. The tirst ts a decision to 
bolster NSF support of basic engineering research, which LT interpret to 
mean enginecting science. Dhere are also recommendations about wavs to 
sponsor university-industry Cooperative research programs. There have 
been suggestions to give industry tax incentives to invest more heavily in 
university research programs, the value of which ts dubious: Pwould rather 
see quid pro quo programs developed that wall atact industry withow 
such inducements. TP believe, also, that those changes in patent laws ana 
other clements to encourage innovation at the entrepreneurial end wil) 
leed back to renewed interest at the eraduate level. Finally, the creation of « 
National Engineering or Professional Foundation has been proposer: 
Many supporters of this concept ignore the differences between the 
enginecting scrences and the application end of the innovation specthum. I 
feel that an NEF would hurt the NSF at one end of the spectrum, as well as 
the mntertace with the basic programs im ONR, OSR, and others. At the 
applied end of the scale, NEF-type support would probably be madequate. 
lias far better to involve the operating agencies of the government and 
mdustry ina sophisticated way. don't believe itis politically possible to 
create an NEF, nor do Tthink itis desirable even if it were possible. A quid 
pro quo environment can be developed in a cooperative program with 
industry, as has been done successfully in the past. 

We seem to be in increasing difficulty over these issues. We like the 
university-based research group with its creative Laculty and top graduate 
students, but feel that these groups may have focused too heavily on 
engimecring science objectives. Our engineering Laculties have less and less 
contact with the industrial world and its mayor interests. All ot this can be 
remedied, but probably not through public policy changes. [t requires 
only a new rapprochement between our laculties and industrial research 
activities to insure that creative motivations flourish. Perhaps we need to 
insist on some industrial experrence in our enginecring faculties, o1 
depend on part-time faculty appointments with industry. We must 
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3) 
we 


recognize that engimecring scrence will Continue to be an important bocus 
of engineering schools, but at must not be the mayor focus. TP would like to 
suggest the tollowing: 

We should encourage the NSF oto strengthen us basic 
enginecting rescarch programs, centered on the nmportant areas of 
enginecting science. The NSF should avoid the more applied end 
that can be supported more strongly elsewhere. 

b) Industes and university engineering research Cooperation 
should be strengthened, and focused on the applied end of the 
engimecting rescanh program which oo supported by the 
governments mission agencies. Industry should cooperate with 
UnIVeTSILY programs in morte Corporate Associate Programs with real 
quid pro quo aspects. Then tinancial support tor tellowships ts. of 
course, of great value. 

As a large concentration of creative enginecting talent is om 
industry, shouldn't we seek out better arnangements tor setung up 
multiple faculty appomtments between universities and mdustry > A 
total engineering faculty with no undustrial experience makes little 
sense today. 

d) We should take another look at faculty. comsultine. A 
consulting day for enginecting faculty was established to imsute a 
feedback of industrial concerns to the university. In many cases, this 
has been misused by faculty taking then “day” and teaching classes 
momdustuial facilities. Phas is really moonlighting, not consulting 

¢) Should we promote a DoFng. degree with different 
requirements -- or should we eliminate the Ph.D. requirement tor all 
faculty of the engineering school and permit, in) some cases, 
substitution of an equivalent in industrial experiences Perhaps we 
should reestablish the engineering degree. 

I don't beheve that public policy changes will have significant effects on 
the creative or unventive end of the spectrum tor mmnovation. We must 
relocus the attention of our taculues, and bring them imto closer contact 
with the world of technological advance. A lot of this can be done without 
much government help. 

In summary, a brief review of my remarks. Dhave identtred innovation 
as a broad spectrum of activity that extends from an mventive or creative 
end to a product development or entrepreneurial end. | pomnted out that 
many studies have been made, focused mainly on an apparent decline in 
our world trade position -- the bottom line of the entrepreneurial end of the 
spectrum. The results of these studies, until recently, have been effectively 
none. Our continued decline im economic vitality has attracted the 
attention of the President and Congress, we have seen stated miuitiatives 
come trom the White House, and many bills before Congress dealing with 
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different aspects of the innovation process. Phe time has come to identils 
mpottamt goals clearly, and lay on a program of advocacy to see that 
results wie fomnhcoming. From now on. we need more advocacy and less 
studs. 

The mventive end of the innovation spectrum has been studied less than 
the development end, and itis not clear that changes in public policy care 
required to improve this area. We generate inventions and new capabilities 
in productive Laboratories located in university, industny and government 
laboratories. [tas essential that these organizations contain the most 
adeative people ina proper environment with proper Laciliues. Dh 
university-based research ents in which highly creative tacults combined 
with the top graduate students generate an outpouring of mew ideas is 
biased today by its mayor support from government agencies and the slow 
loss of unterest from industry. We must re-interest industrial research units, 
msure that a viable quid pro quo ts established -- make better use of part 
time industual appomtments -- and expand our contacts between 
mdustrial research units and the university Laculoy. Howecandothis well 1 
don't beheve that we need significant change in public policy as.aremeds 
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dnp cone socoety omdustry produces and markets stems and sem wes. the sales of whuak 
ater profitable Con crnmen! sts and entoroes the rules tow transaction. ( livers and 
mndersities supply avli-trained poop avd prven ode the «arntite unde rprimriinmes sot 
ter hinoloe, foo tried sl Ty 

Industry, s caw of US. omnes ation and producti wy ¢s @s tollows J) onmen ation 
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essential, stability oo! thal tund ne sot great Peri prerriaric ¢ 7) ef as «vet al that the 
mnnation enosonment be anproed om terms of equitable tax treatment 
rm ouragement of capital tormatioon and a better tek return vateo. 4) the regulation 
process should be more sensibly tor used and made consustent with current realites. 
S$, the mtrrpretatoons of patent laws should be made mor consistent among 
ceavrnment agen ics 

The pourney trom vdea to marketable production service os lone and torturous and 
risky, vet rmedtastry nerds a conmtinnwons intusaon of mew te hinologies Jrdustry jsentiew 
the soune of new adeas tow dev rlopment ( ope ratne reseankh prrcrgramis wall rpeot 
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In discussing the role of government trom the private sector s viewpoint, 
one must address the government's role in the total mmo ative process and 
in Cooperative research on particular. would like to go over the basic roles 
of the vanous participants on the mnovative process, suggest areas 
appropriate for cooperative research, and discuss some of the specitics 
relating to government's role 


The Basu Roles of Industry, Government and Universities 
In our society, the private sector Cindustry) produces and brings to 
market items and services whose sales ut deems profitable, The government 
sets the framework tor transaction by defining and enforcing the rules of 
the game. (There are, of Course, imstances where the government is the 
purchaser of products or services, as on the detense industry). The primary 
contoibution of colleges and universities ts in supplying the well-trained 


people and the screntilic underpinnings of technology to mdustry. 
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The Innovatioe Process 

lnmnation thrives best ina tree envionment with Copeprcortaasaatics foo 
reasonably profitable cxplowanon. That cmueonment must be truly 
competitive: aos net helptul at government on the one hand suiles 
competition. as ou dees. tor cxample. in not honmorng proprietary 
positions, amd onthe other hand frowns upon “too much success, fearing 
the cmergence of monopolies. Dhe financial env comment also ontlucnces 
mirkrnation. Phere is a mood for men equitable LAN TEC UEDDCTON tee cle cmt awe 
capital tonmation and cooumprove the rsk-retumn ratio tor those engaged in 
entrepreneurial aconaty. Mostof the poople in industin. government, and 
the general publu belrewe that regulatoonms are mecessarsy. but chat che 
rewurlatons peeaess Tritast bermore sensibly tocused and more comsistent with 
current realitees 

Bs amd laree. the patent pols an the United States has served 
mention toasomabls well) Dathaultues anise when we deal with several 
enctmmental awemeres wath sarnvene sets of rules, whach are codilired by 
s“hministiative decison as otten as mandated by Liaw. Further problems 
occu because technelogs changes more rapidly than do patent Laws and 
them oanterpretatoon by admunistrators. The patent rules and 
mtetpretations rolative to sottware are acascin pot. Patents are stall tied 
tophvsnalbombeadimnents of things. and when acrucial mention relates to 
something Like software ana computer, where the distinction between 
soltware and bandware os vague. dilliculues emerge. We are contronted 
with a situation where poople comtiuve to tum software ote bandwane 
preapelenmenetaticns, when a sender solution onghet be an adpeostrennt on the 
potent system sell 

There os anold savene that necessity os the mother of pnventoon. buta 
necdasnotamarker. Phe pournes tromiidea to onvention to development to 
muathetuble proaduct oon servece oo long. wath mans comvolutionms and 
mtetnal loops. Most anvcntions donot sarive the trp. Yet andustry muse 
have acomtinual nifusion of new ndeas and ovemtions. Dndustey otselt rs 
probably the best source of mew productideas, but ates mot alwoass the best 
source ol the mocessans. anderlvuing technolows. Dhe streneth of ondustrs os 
morelating existing ideas and ones ations to the needs of the marketplace 

Probably vers few marketable products on services wall result: trom 
cooperative research prownams: more importantly. these programs wall 
dileat the entire inno atron-edeveclopment process. For example. mans 
studies have treed tordentity the commection betwoon madependent research 
and deve le op une mt TRAD) as conducted by LOVE TOMIDICTIC GC CHET tots rect thee 
tangible results on produces tor the government. The difficult to pout toa 
one-to-one commection, but few doubt that the commoctron os there. Th we 
remove the mdependent research and development, the mos ative climate 


will suffer. and fewer new products and processes wall result 
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Areas tor Cooperative Research 

Appropriate subjects for Cooperative research will vary for different 
companies according to the size and ty pe of the institution, but the subjects 
ave quite few om mumber Generally, areas like materials, materials 
processing, manulacturing, manulacturing processes and the design 
process are best suited to Cooperative research ventures. The polymer 
program at MIT. the manutactuniig programs around the country, and 
the silicon structures program at Caltech all tit into this family. 

Dhere is anew surge of interest in manulacturme, and manulacturing 
processes as subjects for university study. These studies interact with 
fundamental work in materials and materials processing. Much of this ts 
not basic research, but aois nevertheless fundamental to the success of 
engmerting enterprise mp the United States. 

Design is one of the essential features of several of the existing 
cooperative research programs. Phe program at Caltech has at its base the 
better design of acomputer chip, and focuses on chip architecture, which ts 
also design. Design is different from the kind of engineering taught in the 
universities, where the primary emphasis ts on analysis. Analysis ts caster, 
more straghtlonward, and appeals to academicians: wo also appeals, 
unfortunately, to a large percentage of the brighter people in industry. 
Vers few of the best people want to get involved in the morass of designing 
and developing things. [tis cleaner and perhaps more fun to do analytical 
work, but ultimately, engineering is design. and we must improve our 
design capabilities inthis country if we are to remain: competitive 
intornationally. Phe Japanese, in contrast, have adopted our technologs 
and have often meorporated it into better designs than the originals. For 
example, they did not startout with the Knowledge to design lenses, or the 
technology of making glass: they did not originate planar integrated 
circuits and knew litth about photographie film -- but they learned 
quickly. The Japanese absorbed the knowledge, seactied the marketplace, 
and worked backwards, so to speak. Phes now dominate the camera 
market. Ulumateiy, tf companies are to be successtul, they must study the 
marker and work backwards, adapting and developing in response to the 
market, 

Japan, and a tew other countries, are not pust export-oriented but 
processor-onented, Having few natural resources other than then 
population, the Japanese buy all the materials that they work with. Phen 
business is to buy, process and sell; most of the basic technology that thes 
use was developed here or in Europe, and the success of ther system has 
been demonstrated. 
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The Role of Government 

One of the most serious issues we face is that of government funding tor 
private sector technological development, development of general benetit 
to the entire economy and not tor direct purchase by the government. 
“How can the government pustily helping General Motors to build a better 
engines society asks, public perception being that GM has all the 
resources it needs. This attitude affects all of industry. It can be tor the 
public good to provide public moneys tor what ultimately will be privat 
exploitation. ub this is done appropriately, but atutudes change slowly. 
Publicly supported schools that depend in large part on state legislatures 
lor them money have encountered this suspicious attitude, since some ot 
then tunds may go towards supporting local indusuy. Phe University of 
California, a publicly supported institution which has played a mayor role 
no agricultival development--an excellent) example of successtul 
cooperative rescarch--is mn legal difficulties. Agricultural research was 
performed at the university with funding trom both government and 
industry. Industry took the results of this research and exploited them. 
Now the university is accused of mususing public monies to the 
Inappropriate benefits of private Companies. Any Cooperative research 
venture thatois to be successful must anticipate and plan tor such 
dithiculties. 

\lot of people in government have vet to learn that profits a mecessity 
lor the existence of business, and a welcome necessity. Government can 
work with mndustiy and universities to tind better wavs to solve problems of 
mutual aterest under existing law, without any new legislation. Phe 
seeding role in starting new programs is surely an important one: the 
programs mvolying the NSF are good examples. Every new problem we 
encounter does not require anew law: the industry recognizes the need tor 
regulation, but it must be appropriate. 

We all have the word now that the Competition that we really need to 
worry abouts notinternal butextermal., todas s worlds tar ditterent trom 
the world before World War Th our Competition ts international and affects 
the domestic cconomys. TE wedo not make cars for American use inthe U.S... 
lor example, we have immediate problems: and the same is true ton 
televisions and consumer electronics and cameras and machine tools and 
soon. We must become more competitive; the best defense. as itis so often, 
isa better olfense. 

A successtul example of Cooperative research may be found in the 


agnicultural industry, which has perhaps the greatest breadth and depth of 


cooperative cllort among universities, government and industry of any 
industrial segment ino the US. This cooperation began with the 
establishment of the land grant colleges, the agricultural experiment 
stations, and the departments and colleges of agriculture and agricultural 


engineering. Universities have recenved a lot of government and industry 
money forthe development of all sorts of agricultural technology. Phisisa 
major clement m the green revolution of the last hundred vears in the 
United States, and has enabled us to feed not only ourselves but a good 
portion of the rest of the world while using the smallest fraction of out 
people for agriculture of any society in history. Phas success is a result of 
work performed ino universities and paid for by governments Cotten state 
governments) and by companies, in areas like plant genetics, seeding, 
mrigation, harvesting, and tood processing. 

Cooperative research might help us in another area: the impending 
severe shortage inthe supply of engineers. Phe number of university -aged 
people is atoats peak, and will decline steadily from now on. The 
universities will face funding problems as aresult. Phe population in the 
U.S. continues to grow, and will grow by maybe forty million people even 
with the bith rate below replacement level. Our need for technology ts 
growing, not diminishing, and with it grows our need for engineers. 
Cooperative rescarch can address this problem, though to may not solve it. 

Fundamentally, government creates a framework tor healthy innovation 
and development. Neither government, industry, nor the universities 
alone can solve our problems: a cooperative effort may be our most 
successful option. 


BIOGRAPHICAL NOTE 
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Questions 
(Dr. Perkins and Dr. Bromberg) 


Mason Somerville: We are in the applied research business, and one of the 
arguments that we run into continually among our industrial peers is that 
itis NOt appropriate fora university to be in the applied research business. 
Could you respond to that kind of criticism? 


Robert Bromberg: My answer will not be very sauistving: it all depends on 
what vou work on. TL think that universities Can cngage in research that is 
onented a littl: more towards the fundamental underpinnings. [think that 
HW yvoustartdesigning products vou are doing the wrong thing. Yet there are 
some beautiful examples of universities designing products which were 
good things at the time, so it does all depend on the ‘individual 
clcumstances. 


Frank Caane: You speak of this shortage of engineers -- can we do 
something to direct the students towards the more technical fields: Are 
there not more students going into the social sciences than the technical 
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Courtland D. Perkins: Actually, the wend of late is vers much in favor of 
engineering schools and engineering education. Seven or eight vears ago 
the point that vou are making would have been very valid, but since then 
there has been an increase in undergraduate cngimecting by about 100,000. 
Itais now up around 290,000) Here at MIT the undergraduate body has 
more than doubled in that time, while keeping the total enrollment 
constant. So Tthink that the trend today really is towards engineering. It 
vou look at the past, we have had a tendency to peak out about every ten 
years. On that basis, we would say that we are peaking out now and about 
todrop. Pdonot think anybody really Knows whatis going to happen. My 
own view as that the pressures are so great for technical people that 
enrollment will stay up. Students are pretty perceptive. 


Navi Bhagat: You mentioned that universities are ultimately funded on 
the basis of head count. Well, industry could plan and endow more 
engineering Chairs and student aid in the areas in which they foresee a 
shortage of people, which T agree is coming. 


Di. Bromberg: T hope that IT did not convey the idea that there ts nothing 
that we can do about it. Whats happening inso many schools around the 
country ts that enginecting is now fully saturated. The programs are now 
facilityv-lamited and statl-limited, and the schools are, so tar, somewhat 
reluctant to make the shift in resources away trom the nontechnical areas to 
the technical areas. TE think that, eventually, the problem will probably get 
solved by the pressure of the students. 
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Legal Aspects of Cooperative Research 


Mr. kv P. Ewing 
Deputy Assistant Attorney General, 
Department of Justice 


Innovation aris a spectrum chiach viludes the most basw research nie 
fundamental $2 2024 iples at one end. and detailed prada! cammen walization at the 
other, Our coonom isoreani edon thas prin iple cate CrrPd pre fatiaon het aceon inde jer ride rif 
fiveons, wath antitrust laws de signed toinsure the tram fromm oltthe cm pre fata pro ess 
free of unnecessary artificial restraints. Innovation is as ioniportant to the competitive 
prroce ss, ascoanr poet faaornas for the rconomy rnd as hathan Prres faivootls ompetition and a 
means otfacon pre fine 

The antitrust laws lo rrevot prohibit aii poointl act ify Thee (jie Sficotis centval fo an 
ariritvtast anaiysis of au hether woornl act fy as pormissifle ave ais thee Guestions 
appropriate from an innovation pormpectice to determine the desrvrability of point 
@dafiouty (as opposed fa indepr raicde nf actioaity Saune oft thie se auestions ave Would the 
atrity be undertaken separately by indicadual firms? ls the point activity broad on 
nNanou in sope and time ’Doaspe fratthenointvoonture lamutcontinued indepe ndent 
actiaty? Does the venture include ali or only pan at the members ofan industry? Wy// 
the research results he disclosed tor use by others? Ave the participants mn the pount 

enture competitors? fre they laree ov small? How concentrated is the industry? Wy// 
hie revenel evitrave mt osmeccesstuld. enhance ov impede thee competition process 
achieooment of consume? uu eltare goals? 

There ave several sources to he ip corporate managers apply antitrust prin iple san 
deciding whether to partuipate im jot activities. These include corporate legal 
adowe, the Justice Departments Business Review Procedures and Caunle to 


International Operations, and the guide on point research centures 


Holding this Conference in Massachusetts is particularly appropriate, 
for here nearly $40 vears ago, in December, 1641, the men of property of the 
Massachusetts Bay Colony produced the first code of laws compiled in this 
county. In ninety-erght articles, the Massachusetts General Court set out 
its famous “Body of Liberties.” Viewed through our eves, they are a 
marvelous amalgam of the Ten Commandments, detailed rules of court 
pleading and some extraordinarily shrewd observations about how the 
people of the Colony should organize themselves in economic matters to 
attain the common good, [call particular attention to Article Nine of the 
Body of Liberties: 


“No monopolies shall be granted or allowed amongst us, but of 
such new Inventions that are profitable to the Countre, and 
that fora short time.” 
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Without sreetching the historeal sigmatieance of Article Nine too tar, 
please consider several aspects of ua. karst. mm an age when the rest of the 
world was commonly granting monopolies as a way of organizing 
business ODCTARLONs, thie prooprle of this Colony refused to do soo Second, 
thes provided that no monopolies would be “allowed amongst us. Ehud. 
thes did want new inventions that were protitable tor the Country. and 
provided an mcentive to get them ina pudimentay patent system, but the 
patent grant was to be Ubon a short time Dhie trast patent under Article 
Nine was not granted until Lodo -- to Joseph Jenks tora water millengine, 
for a termeol Lt vears 

Fiom those carly days. this nation’s histor as tilled with arch tradition 
of industrial innovation. Tt bears repeating that we are sall the world’s 
leader in developing new products. new processes and new technologies 
and in achieving thei wide dissemination and use. Plistonmally we have 


done this, and T believe we will comtunue to do this. wath an ecomonmin 


system organized on the basis of free and Competitive enterprise 


With threads going back at least to bodb. we have recognized that the 


TRC TITINGS Led LEDDDOON aT innapolacat 1 ot COMMDCTIIIVG COOMOTIN can a 
augmented by a patent system bottomed on disclosure of the mention in 
exchange for aright to exclude others from: practicing it fora limited 
perbaxdot time. In thas century we have seen. in addition, the tunding and 
other support of research and development efforts by the Federal 
Ccovernment with thea antecedents am othe Land Grant Colleges and 
avnicultural research ettorts stemming trom the Tso’, 

\s we move into the L980), and bes ond. we must recognize. as Presiden 
Carter didinhis Message to the Congress at the conclusion of the PS-meonth 
White House Domesti Polos Review of Dndustiual Innovation. that our 
thading partners “are now attempting to develop a competitive advantage 
through the use of macdustural mnovation We need to respond to this 
Challenge by developing and refining our own policies Lor tostermig thas 
nation s competitive capabilin and cnirepreneurnial spirit tor the decades 
ahead 

Betore discussing legal questions, Pthink itis important to refocus your 
Hiention on accentral fact about mmo. ation: mnovation covers a broad 
specthum ool activity. “Dnnovation ranges trom the most basi research 
inte fundamento] pronciples, to the development of products embodying 
perhaps several new ideas, to the efforts to Commercialize and put those 
products ate the hands of consumers. Dhe broadness of the mnmovation 
spectrum must be constantly Keptinmind as we talk about whatincentives 
ne oneceded atany given pomton the spectrum to produce the appropriate 
dHocation of funds and talent to get the pob done. What may be needed at 
oncend of the mnovation specthum may be counterproductive atthe othe 
ond 
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My second mayor pout focuses on the legal aspects of how we organise 
ourselves. Qur antitrust laws. described bs the Supreme Court as che 

Magna Carta of our cconomac Tibertes.” are desrgned to enhance 
competition and tree the competitive process trom: artificial restraints 
Those laws embod. competion as the organizing pumeiple of ou 
COOMOTAN 

\s President Carter noted in his Message tothe Congress on Inno. ation, 
D\ spurting compention, antitnust polies can provide a stimulant to the 
development ot mnovations Ina competitive envionment, businessmen 
have strong mocenmtives tooumprove them products and thea methods of 
production through investment and research-and-development activ ities 
Companies thatcan Cunnovate a better mousetrap to help meet the needs 
ol thea Customers more effectively or more cheaply than thea competitors 
can thereby, increase then profits. TE pount activity oF Cooperation among 
competitors is substituted for competition, the mcentive tor firms to make 
and commercialize mmmovations can be reduced or eliminated because none 
of the Cooperating tims stand to gaan on lose a competitive ads antage over 
the others as aresultot innovation. Pbustrative is the agreement to pool an 
frame design ideas. approved by the antutrust authorities durne World 
War TE Cider at. ait thame manufacturers were required to share wath the 
others patents omproving au frane design. When the War was over, groups 
ofoamventors who were outside the charmed cule were rebutted by the 
manutacturers. Phe hatter pomted out thotthes had no meentive to spend 
money for anew anvention when thes could get no competitive ede 
through ats use. Daventors then led the effort which resulted mn theeventual 
withdrawalot the Antitrust Diviston’s approval and the postitution of a 
cual suit looking torestoration of a wieutel cle wie ol conape titan partly it 
order toorestore the incentives to anmovate and parth to bring to the 
marketplace the results of new mmventrons 

Dhat leads me toa broeth stated than central point. We must recognize 
That novation is as LEVDpoCortanat feo thre COMPPCTIIIVE PLOCess as COTIPDOCTIEDON 
is \itultoouw ecomomy. Innovation as both anoby ctive aol COMP eTInbOn and 
aomesns of competing. Phe relationship between imovation and tree 
competition as illustrated by some industies ino which government 
regulation has unnecessanby reduced the opportunities and incentives tor 
mnmovation. One of the reasons the Antituust Divison has champroned 
deregulavion of the auline and other undusties os that the pressure of 
renewed competitvon in deregulated mdusties can be expected to trigger 
INOVGHVe new wars tocut costs and HTTP OVE SCTV Ice 

OF course, independent activity: does not always result on the highest 
leasible rate of mmnmovation. Sometumes the alternative to port activity ts 
lessor slower innovation oreven mo mmnovation atall Gaven these acts, it 
isoumportant to realize that the antitrust Liws do not prohibit all pount 
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acuivity. Rules of per se dlegalin, which are applied to types of business 
conduct (such as price tining) that are so likely to be anticompetitive that 
thes are conclusively presumed to be unreasonable, are generally nor 
suitable to pudge the legality of point proyects. Rather, the governing legal 
standard tor point ventures is cither (a) the Sherman Acts rule of reason, 
which examines all of the sumounding cooumstances ino order to 
detarmine whether the agreement on balance tosters or inbubits 
competition, or (b) the testot Section 7 of the Clayton Net which comsiders 
whether the pornt activity mas tend substantially to lessen competition 

Hi. tor example. anoindividual tim cannot afford by itself to finance o 
rscarch program oon an etfrarent: scale. competition would mot be 
umeaonably restaained on lessened by ao pornt research ectlort wath a 
similarly situated tim, because neither tim mas be willing or able to 
compete on anoindividual basis. Phe basic issuc in antitrust analysis of 
proposed pOPdnat resecane hy propocts ts therefore whether the prartne TAD prucoject 
Will produce more mnmovation or less 

Lhe questions central toan antitrust analysis of pout activity are also the 
CRUCSTIONTS Gp POPP EATC PROUT AEP TEDEDON GTEOMD poCTSprehive fo determine 
Whether pornt acuvity, as Opposed to independent activity, i desirable 
ADDS QUVCTE Pronnnt con the mov atnon Specctrum to prem tance thre LpoprPcnpon date 
allocation of funds and talens 

Let me discuss with vou seven questions relevant trom: both an antitrust 
and innovation perspective ain’ determining the permussibility and 
desurability of yO aethon 

a) Would the activity be undertaken bso mdiidual tims acting 

independently + 
It. ton example, the costs and risk of research in relation to its prente ntial 
rewards are so great that mone of the participants would undertake the 
proyect mdividually, then the venture om tikely to have the effect of 
marcasing rather than decreasing competition. Ton the other hand, one 
oomore ot the participants actually engages un the research on an 
individual basis or has areal potential todo so within a reasonable perrod 
of time, the formation of a pount venture may slow the rate of technological 
prowess in the mdustrny. Some of the hardest questions of analysis are in 
dealing with these issues of potential COMpctition 

b) Is the point activity broad or narrow in scope and time: 

Lhe structunme of a joint venture can atfectits impacton competition and 
on innovation. A proyect of small scope and short duration would be less 
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likely to have substantial anticompetitive Consequences than a broader, 
lengthier project. One way to structure competitive problems out of a 
proposed research proygect is to contine its scope to basic research, as 
opposed to rescarch on product design or development areas. In many 
cases, even large tins may be unable to unvest in socially desurable basic 
research cltorts on) an independent basis, and some pooling may be 
necessary to fund the research effort adequately. 
Do imcdental restraints or activities of the pont venture limiaton 

cHoumscnbe continued independent activity: 
Attention must be paid to any collateral anticompetitive restramts on 
activities undertaken in connection with a point program. A pont venture 
that a otherwise legal may nevertheless violate the anutrust Laws of ut 
imposes unreasonable resiictions on the participants. For example, 
agreements by participants not to pursue independent research and 
development elforts that compete with a joint venture. or certam 
restrictions imposed on the licensing of patents or Know-how resulting 
from the venture, may constitute unreasonable Competitive restraimts. 
Other types of activities by pornt venturers, such as the sharing of 
confidential information about costs, prices and similar matters, could 
also tend to reduce or cliaminate competition among them. 

d) Does the pount venture include all or only partol the members of 

an mndustry: 
Industrywide ventures thatinclude allor most of the tioms on the midustry 
ave more likely to have anticompetitive effects. A fiom that Knows its 
competitors are not pursuing independent research that may give them a 
compentive edge may relax its own cllorts, acquiesce in a passive, 
LADDETTLATLATING Porn Peseute h program, and even resist or deter immovation 
by the pount program that would adversely alfect its own operations. In 
short, ot cannot be assumed that the brewer a venture os. the better ips. 

Will the results Chenetits) of the pount activity (research, 

example) be disclosed tor use by others: 
Itas well established that exclusion of actual or potential Competitors trom 
the opportunity to share the results of, as well as to participate in, a yount 
research progect on a reasonable basis may bea ground tor concluding that 
the yount progect vaolates the antitrust Laws. Associated Press v. United 
States, 326 US. 1, 15 (1945) Where access to a facility created by a 
combination among competitors becomes so necessary to effective 
competition ina partecular market that exclusion trom that facility places 
an enterprise ata sagnuficant competitive disadvantage, ut may well be 
unlawful under the Sherman Act to continue the operation of the Lacility 
without providing access to all competitors who desire admission. C'nited 
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States v. Terminal R. R. Assn of St. Louis, 224 US. 385 (1912). This of 
course does not mean that competitors must be given a tree ride: access may 
be conditioned on payment of a tau proportion of the expenses of the 
project. 
{) Arve the participants of the pount venture Competitors: --small 
fuoms? --large farms: --the dominant members of an madustrny> How 
concentrated as the industry: 
Lhe relanonship between participants ina pomnt research venture tsctearhs 
relevant tothe analysis. Ventures among firms in nonmcompeting mdustrices 
create less antituust concern i144. similar ventures among direct 
competitors. A venture among the smaller firms in an iundustmn would 
nonmally be less Likely to have anticompetitive effects than a pount propect 
among the larger, dominant tioms. Also. where only arelatively small pan 
ot an industry rn engaged in yount research. the Competitive imcentive to 
MmNMOVate ENEsts to stumulate not only members of the pount venture bur 
nomaltiliated firms as well 

In assessing the effects of a point venture on competition. itis alse 
necessary tocomsider the chanacterpstics of the mndustry. For example. point 
research ventures in boghly concentrated mdustucs may be more suspect 
than those in tess concentrated industries because the risk of “parallel 
polices of mutual advantage. not competition. is especially high on 
these carcumstances. A pattern on trend toward a network of multiple pont 
research ventures mm ano mdusts. cach of which might be obpectoonabl 
standing alone but which cumulatively restrain competition mn research, 
(40) Catist COnmCCTH 


On the other hand, the size and market share of the participants are only 
woot the tactors which determine the antitrust consequences of a pount 
venture. Depending on other Lactors, such as the nature of the research and 
the Likelihood that at would not otherwise be done, particypation in 
cooperative research ventures by larger companies even in concentrated 
mdustrics may sometimes be highly desirable. 

gw) Will the pount venture, if successful, enhance or impede the 
competitive process’ achievement of consumer wellare goals: 
lo assess the legality ola yount venture in research. ito rs mecessary to 
consider the Chanacteristics of the industry, of the pount venture and of the 
proposed research. A type of pount venture permissible in one industry may 
not work elsewhere. Yet. in general, if the pount activity will have a positive 
eHlect on the overall rate of technological development, iis likely to be 
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legal under the anutrust Laws. Hon the other hand. the pount activity wall 
nnpede or otherwise obstruct immovation. the antitrust Laws are likely to 
prohubat at TH, for example. the structure of the research oo such that the 
parlicipwaats agrec to utilize results onky in accordance wath the pace of the 
slowest of the paruicupants, thatclearh impedes the tansier of ume. ation 
tothe marketplace, and unpedes the working of the Compentive process to 
achieve the carhest realizanon of Consumer weltare goals 

\ specaal word should be spoken on patents and “hmow-how Mauch 
joint research anvelves the loensing on use of industrial propert. rights 
Dh asateteust laws do nmotintertere with: thos rivlits. baat clo ask ab pestraants 
based am them are of reasonable scope and extention bight of the lite of the 
nights and thea scope. Dhus, pooling of patents and “know-how | bor use 
bv the pourt research venture isonet, standing alone. legal and caniaun tact 
usually be accomplished in contormity wath the antitrust Laws. Simudorly, 
usc and lensing of patents and know-how resulting from the pours 
venture can be accomplished effectively in conformity wath the antitrust 
Laws 

When vou must decide whether to conduct rescarch mdependenthy on 
with others. the questions Phave suggested should provide a beginning tor 
your analysis. OF course. vou wall want to comsult Corporate Counsel Do 
not, however. be putolt by Counsel's necessanihy cautionary words. [ras the 
altimate amalysis that counts 

I egreater certainty as needed than Counsel's opimion can eave. then the 
Business Review Procedure of the Department of Justice as avathable to 
vou, 28 COR RS 006) Dinder that procedure, we will usually be willing to 
Slate Qu present enforcement intention with regard to a prospective 
venture. when its size. scape and duration have been defined wath 
spectiacat,y and we have been supplied with all reles aot data. Phe Federal 
Diade Coommnission has samilar procedures.’ 

Since 19720 we have conducted twenty-four business reviews of pount 
ventures. We stated a present intention not to challenge nineteen of the 
ventures. on seventy-nine percent Ob the twenty-four ten anvolved 
reseate beannd-deve le oponnne Hit porayocts, and we cleared” « iahity peetccnet ot 
those 

1 bac Prrtitrust Guide Conce rrrine Resear h fount Tentures was made 
public om POSO. Typos the \atitrust Diviston's cathe Merger Guidelines 
and its dntetrust Guide tor International Operations in helping clarity the 
applic atron oof the antitrust Laws to business sstuatvons 

In comelusion, let me cmphasize that clantving dialogue between 
comporate research managers and antitrust counsel notonly can help avoid 
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Fi val tasks. bust ccm be lp ew unick the substantive decisions on how best to 
proceed inorder to maximize innos ation. As President Carter remarked in 
his Message to the Conmeress. “Innnaton om oa subtle and mtn ate 
process and ther Omust be a contmummg baule to mauntain the 
tc hnolognal sarength of the American econems Let us hope we are as 
shrewd and wise on ow time as the members of the Miassachusetts Bay 
Colom were in theirs, 540 vears ago. in choosing the appropriate means to 


comtmnue the successes of the \methan ccomoms 


Ouestions 


Dy bob. Magat Canvou apply sour reasoning to Professor Sulys venture: 


hv PO bwing: As vou mas know. Tam prohibited by law from ening 
private advice. and can state a present enforcement mtention only. But l 
waillirs tor apopoly WN tcasculinie to those tacts about Professor Suli's venturn 
oa owhach T kinow 

In Ds Subs propoet several facts should be moted: the research on the 
program s scale would mot have been done by andividual companies; ther 
sno comstiainton the member companies conducting individual research 
in the same area: moncompetitors as well.as some competitors are nnvolved: 
there os a wide scholarly dissemination of mtormation that pw oot having 
ancilans anticompetitive effects: and the research ison the “basic” end of 
the spectrum. Gaven these tacts, on balance and under a rule of reason, | 
would say that the program's effect is positive on both innovation and 
competition. Psee nothing on the venture, as PT understand the facts of 1, 
that would substantially lessen competition in polymers. Dhus. applying 
the analysis noms remarks to the facts pust stated. Di. Sul’s venture would 
Clearh be consistent wath the antitrust Laws. 

Let me caution, however, that any treme a venture is Contmuine over a 
long peri of time -- aod Dunderstand vou are talking about decades in 
this case its nature mas change. Dhus a present enforcement mntenivon 
not to suc mueht not be valid twenty vears from now under changed 
CHC UTISLADCEs 


Questioner not identitied: Given what the Japanese and the Germans ar 
uptooon tthe whole antitrust operation an anachronism: Ldo not sec how 
Wohelps against the Japanese and the Germans 


Ming Fwwone: Tpost ot back trom Germany, where Ttalked with the German 
cartel officials. Pwas much amazed todiscover that thes have greater power 
to gounto a conporation and demand records than we do. Lalso talked with 
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Dh. Schheder of the FEC. he has tained companies up te 999 million, 
whereas the maximum limit torus isone mullon. Ms pounrtes that here an 
anutiust Laws thatarecentorced in burope too. and thes are pret suingent 

Dhiave gust hud visits trom the Japanese antitrust autheoritees: they haves 
few rules on j.apaan as well) Tndeod. cs cf Last tall ole J.agaan baactt Lacock 
Commussion put im placccemtam rules which will require the divestiture by 
cane ob the sernaalh ontegrated treading companies of steck on then 
altasmate suppliers 

I hiese ane post beet onda trons thit some of the comecepts oul antitrust 
Hho ane becomung Lamlia another places maven real woans. So. Pde met 


thageh thet cccetetrust os cn cee homisen eather on thes commits of abroud 


Questramer netadentitied: Pam wonder ai the antitrust comcoptitsell rs 
netan fact obsolete. because a comes trom the tanec ot the fas Goulds and 
the Andrew Carnegie who comerned the mone. market. New we sands 
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Mii Fwang: TP hope that vou are ogh. that no one cane vet comme: amarker 
“” 


AQMD COT VOT athena tovchoosce, Dleetn we walboeves buave tolwine a Sathon? 
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Questronet mot ndentitiod: Ts there aa distinction between pout ventures 
that are betwoon wn Veet cn tom ada borcren trom. and ventures among 
Vinetian tons that umdertaken te meet lorcign competition: 


Mio being: Pheonetacalhy. and ina practical sense as well, we are neutral 
om the assuciol whether the particpants happen to be aconporated on this 
counts oon om some other counts. Realistualls. when torngn 
moonporatod busaesses are avelved. ome tends to look ata broad: etal 
mathets muvolved to evaluate the COPPTDPROCTOLIVG CD ADDER COTTER MO TITIVG ‘feats. 
One ot the messages which Phope that the antitrust divisson is getting 
across to busaness os thatwe do realize that there are products around fos 
which there ane so-called “world markers.” Phowever. when we eet ute the 
details, we tomd that even the automobales that are marketed abroad an 
ditleremt trom the ones that are marketed bere. When vou reach the tinal 
ond of the spectrum, the competition os on discrete markets. Perhaps scale 
coomomies are necded to produce acertam volume, but ultomately vou have 
discrete natronal and reqromal matkets 

We are net unaware of intemmateonal competition om making the 
evaluations thatwe have tomake. Perhaps we do not always come out the 
was vou would like us te. but we ane aware of the pssues 


Questione notidentitred: Phe correlation between mcreased competition 
and oncreased nen anon that vou cophasized begs a lotot questions, One 
mapotant guideline an talking about the proncoples gunding antitrust ts 
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PANEL I: Government and Universities y 


Participants: 
Mr. Robert M. Colton, Chairman 
Dr. Steward S. Flaschen 
Myr. Fred L. Havnes 
Dr. Herbert H. Richardson 
Dr. Thomas R. Stelson 
Dr. Sigvard Tomnet 


Mr. Robert M. Colton 
Program Manager, National Science Foundation 


Phis morning we had much of the important window dressing 
surrounding Cooperative research, such as definitions of entrepreneurship 
and mnovation, and expressions of interest in such research from a general 
standpoint. T hope that, staring with this panel and through the 
subsequent panels, we will get into some of the methodologies, 
developments, evaluations, and propositions for coming up with new 
programs and expanding upon the existing Cooperative programs that 
currentiy concen us. 

Lhe subject of the panel, as well as that of the entire conference, is the 
exanimation of the process by which universities, industry and 
government can cooperate cllectively in R & D technology development. 
Phe particular subject of this panel is the association between the 
government and universities. HLowever, | do not think that we can avoid 
including mndustry in our discussion, since itis a mayor Component of any 
cooperative research program. 

Phere is a recumime national belref that cooperative efforts among 
mdusty, academia and government can be effective ino the areas of 
technology and R & D. These efforts, itis further postulated, will lead 
ultimately to an increase in technological innovation and ino the 
productivity growth rate im the ULS.) Proposing methodologies, 
conducting studies and organizing structures for developing potentially 
successtul efforts has been in vogue tor decades. As mentioned by Dr. 
Perkins, as tar back as 1945, Vannevar Bush, then director of the Office of 
Screntific Research and Development, suggested using the technological 
capability that was developed during wartime to obtain civilian benetits. 
He addressed two problems related to industrial innovation: 

One, what can the government do now and in the tuture to aid 
research activities by public and private organizations: 

Pwo, can etlecave programs be proposed tor discovering and 
developing screntific talentin American youth so that the continuing 
future of scentific research in this Country may be assured on a level 
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comparable to that of research during the war: 

Di. Perkins has described some of the developments at various 
universities that resulted trom that effort. Pwenty-seven vears later, in 
1972, a former President announced in his scence and technology message 
to Congress the formation of the experimental Ro & D incentives and 
technology incentives programs. Phe objective of these programs was to 
test. techniques for overcoming our lagging efforts ino technological 
Innovation. Under them, expermmental methods were to be camied out 
through the cooperative efforts of indusay, academia and the government. 
It sounds familiar. 

Much of what this panel will present is based upon the results of those 
programs that were mitiated seven vears ago. More recently, and this has 
been mentioned several tames, President Carter announced m= his 
lndustnial Innovation Initiatives Program a series of actions requiring the 
Close Cooperation of these same partners. This initiative was to a great 
degree based Lipo the successes of some of the mcentives PROQMAMEs 
previousiy mentioned. 

I tiese: cae HViIties COVCTING a thard of acenturs sugevest one of two possible 
things: one, perhaps we have not done our yob well enough and are doimg 
the same things all over again: or (and PT would rather believe thas) 
simulating innovation -- whether mdividually or cooperatively -- ts a 
complex and continuing problem that is not subject to quick solutions. 
On the contrary, a long-term sustamed effort is mecessary, mot only to 
develop needed new technologies and io address the problems encountered 
mn ehoting Cooperation, but toexamine the attendant environmental aid 
Som iological COPSCCLICTIC’S, 

In this panel we have tive distinguished persons of national and 
international renown who. as a consequence of then professional 
aliihations and accomplishments, can share with us the benetits of then 
dneat experience ain stimulating technological innovation. Then 
observations about what industry, academia and government, individually 
or Collectively. view as factors influencing technological innovation mas 
assist us in developing Cooperative efforts having long-term stability and 
resulting im measurable economic benetits. 

Betore Toantroduce the panel members, T would like to suggest some 


specific issues to consider concerning Cooperative research. For example. 


whatis the role of government in stimulating Cooperative research: Should 
it be passive or active? What form should it taker Should industry assume 
the lead in developing Cooperative relationships with academia What are 
the benefits of short-term) versus long-term university-industrs 
cooperation, where the former might be based on a specific proyect with a 
relatively short development period and the latter would result ina longer- 
term institutional arrangement: 
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What are the benetits of establishing a self-sustaining program which 
involves government only in the mutial development stages, versas the 
establishment of a program in which longer government subsidization 
might continue under certain conditions: Should cooperative research 
centers focus on basic or applied research, or a Combination of the twor Is 
there an optimum size for Cooperative rescarch arrangements: Are larger 
centers more or less ikely to become sell-sustaming?: Would larger centers 
tend to deal with technologies having high societal benetits. and smaller 
centers tend more towards technologies that give individual companys 
participants a greater opportunity to capture the research benetits: These 
and other issues are of poume importance. 


BIOGRAPHICAL NOTE 


Mi Robort Mo Colton recened his BS) un metallares trom the Mussachuserts Instinute of 
lechnelows and an MS om mechanical enemecnime from the Chassher Dosttute of 
FKnemeenne brom 150 to P97. he was assocnutod wath the US. Arms Miateriuls and 
Mechanmies Research Center on Watertown, Massachusetts where he held sv arnous supers isons 
prrsttioones 

brom 19735 tothe present. he has beea associated with the National Scrence Foundation 
Curenth. bea a program manager oun the Industrial Progiam donmerh . the Experimental 
R & D tnecentives Program). un the Division of Intergovernmmental Screnmce and Publu 
lechnologs. and is mam concermed with the development and evaluation of experimental 
prowtams and wstitutions tor stimulating technologie al ano. ation and university -imdustns 
coupling. He has been responsible tor the establishment and development of the University 


lndustry Center program at the NSI 


Di. Steward S. Flaschen 
Vice President, International Telephone and Telegraph 
( oOMporation 


What are some of industry s needs that government and universities can 
help fullilly Here as one comporation’s and one man's opinion, 

The corporation that TP orepresent is made up of over 2590) distinct 
businesses. ranging in sales from S1Omuaillion a vearto $l. billion avear. In 
the mainstream of our business, our technology as at the forefront: a 
necessity for competitive growth, let alone survival Our primary technical 
needs do not generally die in our maimstream technologies. Rather, our 
need as to be aware of and to take advantage of the breakthroughs in 
penpheral technologs. in-erther new or existing technology outside the 
skills. expertise and experience of the people in our units and Laboratories. 
We are well prepared, as are most US. businesses, to handle the evolution 
of the technologs involved in our normal product lines and processes, but 
we are notwell prepared to handle step function Changes that could result 
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unversity research ond movation. oo to learn how to market 
technoloes more ellectiveds 


Letime give vou am example. Bais wold | recened a contract tor 


fitts snadlion dollars, ao mot-lor-protit cone ot ten vears, to brine 


mdustualtechnologs tothe agro-udusay of a developing nation in Latin 


Vineet, We assembled a skilled 458) ipraol North Vinetican techmolowists 


notoonh from our own company but from universities and consulting 


farts nnd we nidowne ytTLLaS Cc COLEELENS md putout notices that we welt thy 1¢ 


j 


Notohelp. Weexpectod. mamely, to be pundated with requests ton 


and pea i} 


hee support, Nothing happened. Oh. some ot the bie bows. the subsidiaries 


ol Nestle and General Foods, carne to see us. but we did mot sec the prercnp ole 
we were trying to reach: the rural farmer the raral co-op. rural agro 


acduastry \Ithough Wwe were TIVE fo tise proven technolows to mcrease 


employment and toimprove food supply and nutrition at the rural level, 
we soon recognized that nobody was going to approach us for this 
technology: we would have to go out and marker a. We learned trom 
Battelle and ALD. Latte how Commercial andustoial research tins reach 
outto the users. We hired a communication skills expert and tained our 
tcchmacal people to make presentations to nontechnical poople. We 
otubblished a marketing department. We conducted seminars inthe tield 
We identified key target companies, and marketed technology to them. Asa 
rosult. weonow have cighty propects going on with a wide spectrum of the 
agroondustry inthis developing Countiy. Solas first recomunendation ts 
that amaversity cnginecuing departinents talk to them marketing 
departments and develop the ability tomarket thea sails, to reach out to 
the massa manmets percent of midustoy who wall not be amwveolved in the 
President s Tndustrial Initiatives Program unless the universities market 
thea shalls properls 

Vis second recommendation is to give much more attention to planning. 
Phe greatmaporty of R&D programs that tail are doomed to lailure from 
the Dewan. As scremtiusts and cneimneens. we have a tendency to let our 
cnthustasm cansous torward. torush ahead ito exciting mew technical 
lhontiers. We will devote tom man-vears to the cngineciing program while 
waving one-tonthotamoan-vearto the planning process: a sare tommula tor 
fiscal disappomntment Qur problem: on government-mdustey -universit 
ielatiomships os as cmuch a problem of planning as itis a problem in 
icchimelows. Phere are thiee kes clements, TP believe. an planning and 
communicating ao successtul technical relations program 

Vs sought expect. twolot the kev cloments are people. Phe firsts an 
experienced prognam manager on the university side. Phe secomad rs the 
company coupling agent, the gatekeeper i vou will Phe chad kes clement 
IS the assrgnimnent ob a cuitheal miss of resources to the program 

Powould sav that Nam Suhois aa-example of an outstanding program 
mater Pleas qananowith the abilits to communicate both with the uses 
community anidusthy and wath bas government and university peers. We 
Made avery speculattemptin our compans toaudentty a coupling agent 
whe could interiece with Nam Suabos program and alse be accepted by our 
producing units. This no small yob. Phese are very rare people, but untess 
vouidentily themas key prowmam mndividuals, sour prognam will falter asa 
resull 

So Drecommmend that far mnore attention be paid to the planning process 
and to the identiiication of skilled people atthe universities and at the 
dusts. thamson devel Dam motoverls concenmed about the resource issue, 
because ab vou vive these people secidanones thes wall find wavs of making 
things happen 
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Mi thard recommendation, however. does involve cost: bdo mot want to 
dismiss the cost problem that casily. Engimecring and ccomomics ar 
thought of as distinct disciplines. In reality thes are inseparable. Funding 
R&D progects is nota problem in our corporation. \ far greater problem ts 
financing the development of new products and processes that make out 
existing equipment, plant or tooling obsolere. PE think that most people 
from industry will appreciate this problem in a period of high unthation., 
with the cost of mones running at fourteen to sixteen percent. Ph 
dificult, of getting capital for new programs involving high risk is vers 
great. Indeed. inomans cases vou are betting vour pobo af mot your COMMpany, 
on the outcome 

Isugeest that we concern ourselves with identifying ways to help reduce 
the capital risk in binging an invention: from: the laboratory to the 
production dine. An excellent example of this can) be found in the 
Department of Detense. which has a production development and 
demonstration program to help private industry serving the Department of 
Defense to take on high-risk, mew technologs production. This is an 
excellent model tor the government to use in tollowing up its geners 
technolo. programs and ats mutiatives for andustiy and university 
CCP MOT ALEVE prPeod ans 

Dam encouraged, oven optimistic. thatourinteraciion problems can be 
solved. because we have already dome sounthe United States. My model is 
the COS ANericultural Researoh Program. The government funding of this 
prowtam tias been the most suaccesstul funding of resean bh ansvwhere onthe 
world. The agricultural universities. the Department of Agriculture 
Cooperative Research, the university extension system. and the count 
avert system working wath the farmer and agro-unduste. have given thas 
counts the highest agniculturnal productivity onthe world Pthink thatitis 
dchallenee tor the restotus in scrence and midustrs tomately thatwhach cb 
government agiiculture policy has shown can be done. We cought to be able 
todo ut Howe donot. itis because we. the responsible people inthis room 


brave failed li lye responsible 
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chemiastin from Miams Uninernsin mn 1948 and a PhD. on eoochemuisay trom Pennsshy anus 
Suue University om 1952 
He has served as vice president: tor Research and Development of the Motorola 


Semiconductor Division and has been a member of the research stall of the Bell Delephone 


Laboratories 


Mr. Fred L.. Havnes 
Director, Cooperative Generic Technology Program, 
National Bureau of Standards 


Pd like to tell voua little bit about our Cooperative Generic Lechnologs 
Program. | hope that these comments will get the discussion flowing Later 
on, because what Tam goimeg, to describe is sullin the planning stages. The 
program will receme ats funding in fiscal 1981, though a good deal of 
planning work has already been done. We envision ou Cooperative 
Gener Lechnology Program as a decentralized structure. It will not be 
industry speciic, but will instead be oriented to specific industrial generic 
technology needs. As a matter of fact, the President's program announced 
on October 21, 1979 reterred, among other things, to the Generic 
lechnology Centers. A White House tact sheet described them quite well, 
and Twill quote trom it brietly: 

The President believes “that there is a federal role in the development of 
veneri technologs centers: that is, technologies that underlie industrial 
sectors. Examples include welding, joing, robotics, automated 
assembly.” TP would like to add computer-aided design and manutacturing 
to this bist, as well as artilicial intelligence and some of the areas of 
semiconductor technology. It also includes corrosion prevention and 
control, nondestructive testing and performance monitoring, and 
tribolows, the scrence of lubricants, friction and wear. Because the benetit 
from advances m generic technology to any one tinm oreven one industrial 
sector mas be small, there ts less investment in the development of the 
gener technologies than would be pustitied by the overall, long-term 
benefits that might flow trom these activities. Phe President has called tor 
the establishment of nonprofit centers at universities or other private sites 
to develop and transter generic technologies. bach of these centers will be 
targeted on a technology that is involved ino the processes of several 
industrial sectors, and has a potential for significant upgrading. It would 
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not supplant cllomts inthe private sector that are designed tor speciti 
product development. Fach center will be pounth binanced by indusiiy and 
government, with the government share dropping to somewhere on the 
vicinity of twenty percent or less inthe centers titth vear of operation. A 
minimum of three centers will be established in FYS bata costot abouts) 2 
million. At least three centers wall be sponsored toy thie Depoartinent col 
Commerce, and one by the National Scrence Foundauon. In the future 
and this kev. the size of the program: wall depend on the proposals 
received and the expenences gamed un ourmatial effort. Pmmoight add that 
with respect to the gener technologs centers, the role of government 
could be described as primanily anangement-making and providing seed 
mones and proycet mone. Phe role of esccution as primarily that ot the 
private sector 

I would like to describe the porcotnalle sequence cl CVents that would 
establish a cooperative gener techmologs center. as we understand at 
today. We would first have to assume thata group ol tins representing the 
users, the manutacturers and the suppliers recognizes urgent, Comunen, 
techmieal barners which are beyond the capabilites of the mdividual firms 
to address. Furthermore, the firms must be walling to Cooperate on th 
solution of the gener problems and foresee a high probability of success 
in working together The Department of Commerce on the National 
Scrence Foundation would review the situation and determune that the 
publ has a significant mterest a the outcome. Lhe spomsornge fiom 
would then select an organization. such as a Unversity: on privat 
laboratory. to become the focal ponent feos eee ce ition Krow nas 
A COOPCTATING VOTIOT HE tec hinelows center, Pwant tos srapolnasice thatthisisa 
private sector sponsored and tunded organization, can pust like any other 
busmmess, and that the governments role ion creatune the environment 
within which this can happen. Phe government would then fund the start 
up operation ol the conten by providing seed money and mdividual propec 
moneys for those proyects inthe research agenda clearhy bevond the 
collective capabilities of the member tins. The Departnrentot Commerc 
would either fund those propects on broker them across the government 
specttum with other appropriate agenmeres 

Inessence, the program is an opportunity for mdustry to get together to 
do its own @eneric research wath some assistance and seed mones tron the 
government. Tas really as simple as that 

Loreview, inestablishing one of these centers, weexpect that the centes 
will weneralls 

One videntity with a specific feeld, and have ann house capabilins 
lor research and deve le op onnae mt, soo that the vrowth Ne OND POT TES inl 


hnowledee would be cumulative 


Iwo, dhe center would tormalize ondusty tres so that the work 
camied out would be in response toa spectrum of generic needs. It 
would build contidence in the traansier of technolo, so that the 
results could be put to use as quickly as possible. Tt would pros ice 
educational and techotcal services to mdusty om order to build a 
lasting relationship 
What we concene to be the basic functions of the Cooperative Genetic 

Lex hnolows Center are the result of studying some T1 C Cm opm aTave 
acuivities throughout the world. and of personal visits by om stall and 
mivsell to over saxty Lacalities. Let me go over some of these functions as we 
see them. 

Clearly, ois most important that pout government and mdustry 
funding be mvolved -- government funding m secding the center. industns 
moneys im osustamine ow We have talked about developing genmeri 
technology thats of nnterest to the entire grouping of industiies and 
bevond the capability of any single tinm. Bat we recownize that, on balance, 
such research is not likely to produce. a protit tor ans bods on particular and 
that these centers, in order to be sell-saustamune, have to offer some things of 
mmmediate use to the private sector sponsors 

Another function of the center is consulting and technical assistance. We 
feel that this is absolutely mecessarsy to get the technologs out mito the 
industrial sector ata tapid nate, notonly to the sponsors of the research 
agenda, but also to those who are mot Sponsoring. On a fee bases. Its 
mnpontant to remember fiat because fioms are getting together to work or 
those Venera tee hnolowies that no adivedual fiom could work on alone, 
the centers do not direct) compete with the private sector 

Information services are of extreme protec to the private sccton 
Using ow mntormation-cathermne taciitees and the mntormation that the 
center will collect, we would like to see the production of information 
concemming the technologies that the center is most competent in, and the 
diffusion of that intonmation throughout the odustial base to small, 
medium, and larwe firms alike 

bducation and tramine have been talked about. but on thas case we are 
not talking about the development of curmoula. which os clearky the charter 
of other organizatvons onthe United States government. We are promarils 
concerned with providing thaming activities tor management and Libor, so 
that when a new technology as ontroduced imto the workplace itis mort 
contounded by worker dissatistaction. Additronally. we see that these 
management and mformmation tram, services will mvolve scmunars. as 
well as technical sessions, comcomuing such simple things as how to 
proginm a computer on a numerncally controlled machine, or how to 
handle pew robots 
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Inthe centers there would be an opportunity to develop strategies. By 
thas Pomean that the spomsonneg tioms would be able to get together with 
nonspomsorine firms. and. with the view trom the crow’s nest, make 
assessments about where the technolows Was Gomme and where there were 
genetic tochnologs voids for the future. We hope to msure thatthe research 
agendas being accomplished within the centers are, indeed, generically 
relevant to the porcrbole msol the undustries. We also tecl that there has to be a 
echnical utilization arm to this center. the function of which is to marker 
the mew havow lealye promluced mm the conte 

Institutionalizing these functions so that thes are clearly responsive to 
industry requires, in cour expermence, that the private sector sponmsormne 
las clearhs control and manage the centers. Considerable imagination 
will hive to be exercised, in so faras university Capabilities are sought by 
the conten sponsors. As sou can sense. our relationship with a University ts 
a denvative one. Thats, we deal directl) with sponsors of the generic 
1% lotncohows conters who are then tree toestablish the centers wherever thes 
feel that moos most feasible. However, since universities will often be 
mvolved. we believe that the cooperative technologs program offers 
common and substantive ground and can help to overcome sone 
atutudinal barriers 

hor eoxample, the cooperative and generic aspects of our program give it 
several chamacterstics which should make ot attractive to universities 

birst. the research is generic, not proprietary. Many companres wall 
support the gener technologs center and the results will belong to all of 
them. Conmsequenth. research will not be subpect to the dictates of th 
bottom-line tianagement of one Company alone 

Second, the nature of the research wall often require new know ledge, 
sHnce ts purpose ts toraise the level ot technologs onan industry. While not 
purely basi. generic research also will not be concentrated on the product 
development end oof the specthum. Rather, we see the participating 
midusties taking eenerk anformation back to them own habs and 
developing thea own products as the competitive marketplace dictates 

Dhar. this research will often comcentrate on the solution of mayor 
societal and) economical wouls the cconmomer goals of imereased 
mtcmnational competitiveness, macreased emplovenent, reduction of 
mflation, and the enhancement of our national productivity. Dhese ar 
hardly narrow COMpany interests 

bourth, the broad educational functions of the generic technologs conte 
will be comfortable to some universities. A generic technologs center must 
diffuse and transter the traits of its research, often to several user midustries 
and numerous companies. Dhe requirements tor consulting services and 
Hamming as partol the technologs transter mechanism will provide cnough 
person-to-person exchange and educational opportunity to sunt the 
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Ihe generic technologs center mechanism wall also help solve some 
mstitutional barnsers which are common to government, industri and 
LEDREVOT SEEN COmppOT TION 

Fust.asaprvately managed and controlled conporation, the center will 
have the advantage of proxamaty without the disadvantage of identity of 
hictanchical control with the university itsell. As a butter. uo can prosaic 
both respomses to mndustey and programmati benedits co the atliliated 
universities, while preserving the objectivity of the ongoing and separate 
UNIVETSIDN rescarch programs. 

Second, industiial management philosophy will not be as prominent in 
the conduct of generic technology centers as uo trequently is ona direct 
COMPPATS -UIVETSELS progect 

Third, the gener technology center will help to underwrite the risk of 
some of the cooperation. Lhas will tend to case the occasional temsrons 
created by the two styles. 

Finally, the genet technologs center mechanism will encourage and 
allow a range of Cooperative formats including the direct procurement of 
services, Cooperative research progects. programs and comsortia and 
roscarch partnerships. some of which are not currently) practioed 

bon these reasoms. we feel thatthe COGENT Program can make a 
unique and plomeeting COMP bULION fo new GOVCIIINOHT-UnIVeTstty 
idustes relations 
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Professor Plerbert PE Rachardson 
Head, Department of Mechanieal kngwineenne, MET 


would like to speak mainly trom the veewpount of the auiversaty todas 
We have been making a strong effort at MET over the past several vears to 
develop better reletonshiaps woth ondusony, and to develop various types of 
COMP MOT TING TOSC ane hy on veel ibrescure bh anos pT ans ered t wats 
educating cngmnects tor oedustey. karst. TP wall discuss what universities 
prosemtly Lace am trvang to develop closer relatvons with ondusiny. Then I 
would Tike to sugeest a series of principles or considerations which DT feel 
We important te hoop oom mum? as we tm to desren more etfoctive 
mechanisms for uoteraction. banally. TP owall mention a few examples. 
Hn from ms own experence and trom the collectiveexpernence here at 
MEL. that dhustrate several modes of Cooperation 

In tmost enema schools at a tome well belore World War O, 
cooperation wath ondustesy wos vers common. Ofcourse, research acteurties 
were thom relatavely modest. Tp was mot at all unusual tor odustiies of 
groups of mndustiies to work very closely with university Laculty, and to 
sormmcestemt wath students, on both the educatonal and research programs 
bor example. at MET we hada long history of Cooperating with companies 


mvolved with engines and propulsion, with oternal combustion cmgines 
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and Lad wath gas turbines. Phe mayor lacidhines were prowided by andustrs 


aml othe stipeypmot feot the rescarelh wos pooled bys co commscortiumn col 
madustnes. Phe oducateonal pron during those sears wos chara terized 
DN ua anne! heal of attemlion to porte tical theanes pu.tatian. mlermstumiine 
current technologies, learning how torunexpetuments. and leaning bow 
tuo chester often bs gorge throwell case studies of a porticula devices 
design. During wartime out experience showed that thas ty pee of cdi ation 
food eT ETIOU TS Was Theol whoa deve table thom to advance thee to boaneoberas im 
wagon new clirectionms. We bie pli sicists on ehnaree of what shrouded Dave 
beets crngucetine poromtanes churung the wor That made quite an 
Til) he wo atter the woo there was am yen methaul of thee THLLEThe eT tee 
cumpculum on pestiot the beacdlone schools. Vion of os cme our a@eod Lacults 
mowlhes with considerable undustial oxperonce toretre, We broweht on 
bight new PhDs who were comcemmed moamnkls with caging sc rons 
and hod. bs and Laree no ondustialoxpenonce. Phas trend was reantorced 
by the raped erowrl on tederalls -spomsoned rescanch. rescaneh sabstantiatls 
mvolod ano ondusts onk when goverment wos the customer Pam 
thinking of the aotospace and militar tochnologws ondustiies, and soon 
Phe situation wos veers ated durum those sears by andustoy. which vers 
often discounted us trom trvene te teach design coh feo pore paare stintents 
thocsaah sovelvenmeent wath the actual cngineeting process 

Soo owe bave townd om recent sears that mans of our tecults doo nmeot 
uderstand andustosy Dhes have noexpensence om ridestry. Dy poncalls throes 
focurlts cate che {™ radeon cn teaheralls supported mscutch witha vnall renap 
of graduate students, amd really have ne great need to mnterface wath 
spactuestes cat all Tee bact. ot ons even be a diversion of thew ethorts to dose 
Miao oof tlrese tecults buawe. however. onternacted wath onduste on a 
comsudlone basis Otten we find that these vor comsulting relateonshapes 
rom to detract from: bromine comme ctions with ondustos onto the student 
related rescanely and tec hone because of comtlicts of mmtetrest amd other 
porobbors 

Thre difficulties we Lece todas onndustoy. on productivity. ineneres. on 
Hanspertation, and oom many other fields ane extremely onmnpsontane 
Students, more than amvone else, are keenly aware of thas, we see oon the 
classroom and armome ou @raduate students. We have set an obpoctive at 
MIT to change the situation. We donot want to climinate completely the 
clusseal mode of mtemaction, of course, but we wont a seenilicane 
component of our education and research programs to relate on couple 
chosels to sdustrs 

But to produce this hound of change os not cass. Tcan vouch tor that 
personally, and Pthonk that many of ou: colleagues who have treed todo at 
have townd the same problems. Based on our expernrence, LT would like to 
sugeest several considerations mvolved in making a change towards 
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binging the uninematy inte more Cooperation with mdustiy 

Fust. of course. ow the availabiliy of importam and challenging 
problems that ar appropuate for graduate and. to some extent, 
undergraduate and faculty research. Pthink that this 1s perhaps the easiest 
problem to solve. Appropriate rescanh toprs can range trom house 
rmseaich to actual device ck sian. and pacterabls thae would be some of 
cach 

Second, we noo aArmecans of tin salty cduc anon on rocclun Atdeotl te vatcding 
the industrial envionment. Wecannot tind punto Lacult, who have been 
brought up through mdusty. or who have had contact with those Laculn 
members who have been on undustr. Lexageetate somewhat to make mi 
prerneet, bast to a Larue extent ites truce, We need ocentives tor ondividual 
laculty to shalt thes mterest trom the classical mode. and onc laude on then 
lifesivles greater industrn umvelyvement. In many cases, this involves 
changing from ao vers comfortable, Lamiliat mode to one that is quite 
demanding: dealing with the ondustiial cloent outside the unimersits 

The problem also relates to the establishment of promotion criteria 
basedon factors other than the number of papers published in the pournal 
Obscurus. Thos requires admanistrative leadership on the educational 
mstitutions, and mvolves financial considerations. For oxample. perhaps 
we could integrate traditional comsultome onto the universat. actorties 
tather than haven ot be a separate activens 

Phe universan needs relative troedom to discuss results and to pacuiien 
genet work, Now. this dees not mean that patent protection is prec huced, 
but the univetsatys Communit, does require a contain amount of tree 
collegial mnterchange on satbous issues 

We need peal oterchanee and uneraction between unduste and 
universities, To othank this amples a) tinanciul commitment and a 
commitment of personne! amd talent on the partiof the ondustres 

We need continurts of support, A person ts not goung toc hamge bes mck 
ofoperaton at he has a sangle vear commitment, and will then have to geo 
back and remitiate whatever he was domg inv © past 

Finally. there as a real need tor discretronary on secd Lunds to promt 
and support these hand of actouitees. For example, the MIPP-lndustrs 
Polviner Processing Prowram started by on colleague Nam Suh had seod 
lusmds from the g@nermment to began with These were absolutels essential 
toowett started. Tt also required a highh dedicated champron who was 
willing to puta great deal of cflortinto at, to give up mans outside Comtacts 
and textbook wrote and other thongs that he meht rather have dome. on 
onder to get the progmam going. In genctal, these programs require an 
enonmmous amount of eneres trom the lacult, members, but the results, | 


think, are vem. rewardine 
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We have been expernmenting with something called the Adopt Faculty 


Program,” in which an industiial sponsor takes a faculty member under its 
wing. We have had the most success here with punior tacult. members. 
Support will be provided by the Company tor the punion faculty member 
and at least one student. \ consulting arrangement is worked out so that 
the faculty member will spend a faa amount of time actually interacting 
and understanding and contibuting to the soluuon of the company’s 
problems, while the company will provide relatively unrestricted support 
at the mnstitute for graduate student research. The consulting, of course, 
raises questions of conflict of interest which must be handled very 
qurclully, but we have had success in several mstances. 

The Industry Dissertation Fellowship, a very innovative experiment 
mitiated by the International Harvester Company, was started Last vear 
with six industrial tellowships to supporta student ina dissertation. Most 
were tor doctoral work, but there were one or two fellowships awarded tor 
work atthe master’s degree level. The aifference inthis program ts that the 
fellowship is awarded to the student and at the student's muitiative, but ts 
given forthe student and his or her supervisor Phe student, the supervisor 
and the nature of the work proposed were the three mayor criteria in 
selection. International ELarvester recened about S000 very interesting 
proposals. OL course, this type ol program alone is notenough, but ib itis 
followed up later with a substantive upteraction with the university. atisa 
worthwhile mechanism 

Special university Laboratories can be established in specific undustiial 
areas. One of the most successtul eX pole st canthink of ts the Electric 
Power Systems Laboratory at MET, which was started atte: a couple of 
laculty members spenta vearwith the American Flecthic Power Company, 
working with them and learning about them industrial problems. Dhes 
came back and started this Laboratory, which has been supported tor the 
most part by industry money. Phe Laboratory has undertaken successtully a 
lage number of industrial propects, and has tramed many outstanding 
students for the aidustry. 

Letme mention one example which has not worked out very well, burdo 
notinterpret this as anoindication that we do not want to operate ip thos 
mode atall TP oam refernme to direct fellowships for students trom 
companies. Many companies these days come by and say, “TL would like to 
give atellowship toa student. Phave $12,000.07 And we say, “Oh well, that 
would be nice.” but we are not all that trendly. Otten, the companies do 
not understand our reluctance. Fellowships are vers useful it thes plug 
ntoanongomyg industy program: but an isolated fellowship. although it 


the unstitution 


does SUpPport a student and that as mice, probably Costs 
money. On the other hand, a the fellowship support os coupled wath 


laculiy activites and additional support ois provided. a much more 
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substantive and boneticial relation could result 

As tia as the government role on allot this i concerned, there should be a 
mange ol options that the government supports, such as planning erants 
seed funds, and curntculum development. Inomany of these industrs 
related programs in design, manulactumng and so torth. there rs aneed tor 


new curmcula, and there are no good mechanisms now to support them 


So, the one point TP would like to make to the government is: comsider 


cummiculum development activities as well as other support mechanisms. 
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\ssistamt Secretary, Department of bneres 


would dike to putoonomy long-term hat 


that cot a unaiversits 


‘@ 


bist. | 
dammistraton and faculty member, and in this comtest make one pom! 
Georgia Lech operates a lage engineering research program, the second 


lowest the Lonated States. Past vear, our total funding was about titty 


nillion dollars: chitteen muallion came trom mtennal mpstitutional funds 


nuithion trom oandusos. and thirty-one muillion trom government 


sis 


moontvenine cuitlion trom the kederal Government and two mallron trom 


other governmental clements. This data, however, is quite misleading: of 
the Federal Government mones, perhaps as much as caght million comes 
through a partnership between Georgia Pech and industry. We come to thie 
bederal Government saving: Dhisas what we need tor our undustry work 
This as how mois gome to work.” Georgina Tech ow the contacting 
mechanism. So. perhaps as much as half of the research os vers closely 
coupled to the needs of industry. even though industy funding is vers 
much smatler than that. 

Pwould dike to putonoomy other hat tora manute, that of a government 
Olftaial. and desaube the problem iiom that side. TP work fora mission 
agency. We are curently on the appropriation hearing period, and on the 
last two weeks To have been before tow Congressional Comunittees 
defending my SES billion portion of the DOR budget. Probably the most 
complex portion. a deals with conservation and solar energy, neither of 
which a vers well defined un ansvbods’s mind. T have kaaned through 
experience that Poan keep in mand only afew hundred progam elements 
when DT studs son thing lo make a pUCScHlatron Inn tha Dinleet Thad to 
defend, 200 clements means only tivesmillion dollar items. Thave to torget 
tboutevernvthing under tive million dollars and concentrate on those 200 
bieeest atoms. When vou are responding to a Congressional Committee, 
vou cannot co back and read sour notes without discrediting voursell, 

DOO people work foro ome an the DOR, out of DORs 20,000) total 
cmplovees. OF the 000, about S00 are involved in bureaucratic activities 
Phere are about S00 rnvolved in programming activities, and about halt of 
those ane support personnel, secretaries and soon. So there are about 190 
professional program people. and the budget ws STS billnon. Phe average 
responsibility, then. as twelve million dollars. Recenth, PE talked wath a 
wroup trom the Department of Defense. They have an upper limit of ten 
contracts per monitor and would like to keep itattive. Th yvou take twelve 
muthion dollars and vou divide at by ten vou get SE 2omullion. Soa prognam 
manager docs not really wantto talk to ansvbods unless thes are mterested 
moone malloon dollars on more Peet tacult. members coming tom offic 
who have great hitthe ideas and thes want $590,000. Tcannot get a program 
manage totalk tothem about $90.000, managers had programs like that, 
thes could not handle them working twenty -lour hours a dias, seven davsa 
week 

bhe government, through these management constramts, os shoving 
management responsibilities off to other agencies LO UDEVOTSITICS, 
midustry, anvone whocan eet then act together todo a good pob and relieve 
oo goveTnment of the management burden. So Llook vers fondly on the 
possibilities of getting ageregates of streneth together among universities, 
moust, and so tonh. That iw gome to solve one of my biggest 
adinimistiative problems. The day of the one laculty member research 
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program as, Pthink. almost gone -- onceptin the few waieas of government, 
like the NSE. which are designed for that hind of svstem. Buteventhe NSE 
has problems with this type of programming 

Our biggest single problem as the management weakness of universities, 
and the next biggest problem as the management weakness of thi 
govcrmment In working on these two problems. Pthink that we can put 
together goad new programs 

Iioas sate to say. TP believe. that an anstutution like Georgna Tech as an 
absolute bargam for mdusany. whichoas what we mended. The Georens 
lech progiam in tour vears grew by abictor of four Phere area lotot good 
mechanisms on place tor this kind of progtam-building ina cooperative 
arangement between universities, industiny and the government. But ion 
managing the titty million dollar program at Georgia Pech. we hada total 
central stall of four people: myself, acolleague and two secretaries. His vers 
cass tocoverload a stall of that size. And. as vouomasy Know. most Lacults 
would probably preter to have no central stall, and to operate the universits 
as a commuttee of the Laculty. Furthermore, the taxpavers are likely to be 
even more negative towards administrators ina public mstitudion than 
thes are towards student radials. There as not much streneth oon 
unIvoTsities toreacttonew and complicated progtamming anangements. | 
thank that that as the biggest single problem that will be faced in burlding 
thas amproved purtnershap. 

It remands me of the stor of two fellows sitting next to cach other ina 
hat. One decided he would try to stamulate a litthe Conversation, so be saad 
tohis neighbor  Whatis the biggest problom in this country, nnonance on 
apathy: And tis nerghbor said. “DT don't Know. and TP don't care. 


BMMRAPHICAL NOTE 


Dy Dtvornas bo Stedsomoas the Assistant Secretans for Consens ation and Solar Bavergs on the 
COS. Deqartment of Freres 

brom 1471 to 1974. Di Stelson sccved vs dean of enganecing at Georgia Dnstitute of 
lechmolows. Sunee 1974. Stelson has been vice president for nescarch and professor ob « wil 
cnemecing at Georgia Tech) During bas fist seat as vace president. Dr Stelson identitired 
promising progiams for practical applications and doubled the research effort. Under fas 
leadership. Georgia Tech became a center ot excellence tor entormation transter of sample 
technologies, mnchudime saris solar technolowes, to anderdes cloped counties and to rural 
veas mm the TOS 

from 1992 to 1975. Dh Stelsom was on the facule at Coaamege: Mellon Universit on 
Pittsburgh. Penoss bya and served as head of the departorentol carbengincenmneg trom P99 
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Dy Srevard Lomiues 
Director, Natronal Swedish Board for Technical Des porpnenae 
lhe organization known as SEI Nutiopal Swe 
Pechnncal Development) deals wath propgects related ' 
COM ODOT ALEVE reseune dy bTeCTUESTEN developanesi COTM ATECS ! 
miventors, amvonme others. Powall lanat ms remarks bere to 
rescued | wit ; pmoonnel coat socal thre tn ‘gatuanse otha | 
coopeTative poscareba litthe differently trom thes has beer , 
it otemdas s sessponns, We do notexpect thie « yy ifi\ esearedyy 
venmenate aipovations agoothee short tenn. boas 1] - 
lloweve we ures thacat thy MCTINTEN IS Deter rclusirs cpncd thre ive 
In Sweden we brave hj ‘Le thas tvgn (ol camer Patio io Cyan sootaie’ Caigeee | 
started an TOGO) when we established a research mstitut responsible fon 
techaneal researehoan several areas, wath separate branches to deal wath eb 
different areas. Government and uidusas shored the timamerme of tl 


mostitute. By TOS. there existed cleven such astitutes i Sweden SEU was 
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hounded iy T9YOS8, alone woth the oreanization 
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directions for Cooperative pone aah L brea wuts tshiutt ot crnpbasis fron the 
' 


finanecine of existing postitutes to the tinue of research prowtanms. | 


thank the reason for thas as obvious: ats more onterestame to talk abouts 


tc hmolows areas thom exastume vustitutes 


In some of the Cooperative prognanmns there ate as may ay FEN Or Saints 
partiupating mdusties. In certain subprograms, where pothiaps mere 
lonited number of industucs focus then parucular mnterest ina narbower 
area. the resulta a omore elfective channelling of cnergies and interest 
\nranee ments Should be mide te take gmito account tenduastry ss partie TAL 
Hitete sts, and thes shiouildl be res owned run thee wath ral ALVMOCCMICHIES cot thee 
percoued ann 

Membership an our organization os voluntary. amd sinee there ts 
government mone. inthe program tomust be open te all firms washing to 
take part, Ot course. partapation wall costa contin foe. but ne Swedish 
companys can be excluded) Pod. an T980.we have chants one Cooperative 
prrevuedatiis 

With respect to organizational maragement of the SEU amd a group of 
enterprises, lets say thatthe various companies tind areas in which thes are 
interested mmoamereasime then Kivow hedge through rescarch. Who takes ch 
mitnatives Actually. thas develops out oof the communication between 
eoverpment and amdustoys at would be dittecult te sas thatthe aoitiative ts 
Clearly wath enher side Rather. at starts wath the Communication process 
Heel. Seed monmes i ven amportant Peconder to identity a program you 
need some sortad poe studies. anand the seed miones tor thasas provided by onal 
oganvation We want toomphasize thatwe waillinghy anvest seed mones 
lon mvestigation prior to the program. We thaak thas comtributes to the 
higher quality of the program. Bat an the ac. we basically wane thie 
industiual group tofechresponsible. Toisthou program and them needs that 
ape redlected an the tinal poreorann clirection 

Dheoesponsabiliny of camnane through a program where an istitute ts 
mvolved hes wath an appomted board of directors, haltot whose members 
come from the enterprises and half trom ou organization. Where no new 
stitute is mvolved. the prognam board is appomted i che same way 

Inomost cases aos the SEU polices to opr awe pndustry to contribute 
more than titty percentol the progam o Ouse the Last vear SET 
contributed twenty-five percent of the total, about tilt. mullion Swedish 
Krone: Gapproxmmatelys STO nation). towards the cost of operation of 
Cooperate rescaneh prownans, coped aneiustns would have to contribute to 
the overall programs something on the onder ot eighty million Swedish 
Kroner. Phe financial participation bs SEU in the Cooperative ag1ecments 
vanes trom thirty toseventy percent. Phe baste rulers thatindustns should 
provide the mayor partol the financing for cooperative rescarch. But there 
are areas where dtmas be difficult to adentity research results of mterest to 
industy. Such am areas comoston. where the real benetitot the research 
ACTUNEEN decries ta mune tpl OMA Zatbons on eovornmental 


CPV Zzatiowis 
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Ohi por aradars tasks are to metease Kiow leader -te know more about an 
aca and to upgrade techincal standards, which mcludes such things as 
quality comtrol methods cod H.dithineg We teel that one of the ver 
PUGnpmor tan sprccts clothe COMOPPCTATING | PoRCoRt anh ts the assistume om 
proostcn elegans raisin «ol Ventitie researchers vetoed tothe requirements of 
midusts. Phe Cooperative activity serves as a port of contact betwoon the 
universities and industries. [tas possible to make expensive cquipment, the 
costo whaichips too high to be canued by aa ome adividual of oundustns 
’athable tora group ot mdustoes. [ois equally unportant that the serie 
necessary to run these reastrcarmenis ty provided lon othe CCM OpCT ALEVE 
precrt an 

\nothe: pau fumetion ois providing information. and thas 
mfonmation should be miade available to small aod medium-sized tinms 
We feel itis very umportant that the competence of the people on the 
cooperative progiuam should be such that thes can solve vers specitre 
problems where the mdusts wants to place vers qualified comtracts. Dh 
pravinnenit foot these COMTaCIS Bs cnatside cot the avicomen 

Dheaecare problems associated withevervthing. For omnstance, our Lentil 
prams Prsditutes are on decline. What should we doin a case like this: I 
vou remove the unstitute, vou could take awas the possibilities of th 
bnaneh finding new areas to omvestigate and oan which to support a 
substantial cooperative progmam. Inthe group of companies, vou have 
both small and Largwe companies, and this implies vers different 
capabilities regarding techaacal developments. You should be able to 
speak with both And here Pwaint to stress that in the Cooperative acuvins 
Von Cabot Npoct the ancluasta ne stoputtonwoard the 1D Trbcost arate resting ideas 
aboutnew products. [ois mature) thatthe work onthe progiam is on amon 
general, broader base, and thas could lead the people working in the 
progmim to feel distanced trom: the product-onented work. Pheyv might 
hack ao sense of marker-pull conditions 

ostnporant tommantain optimum size. A group can be too smallon 
too laree. While the opportunity to acquire cxpenmsise equapment ps 
Hpotunt an centamn gastanmees the atilization of these msinuments might 
betather low and one mucht consider whether thesc expensive instruments 
moessentiakh Dackol Hfexibalits is always a problem ona research pstitute 
Phe voulol the work on the oostitute os mot tomake the opstitute large, but 
tobe ot srgruitianee to the saaroundimg midustial world. In other words, 
Vou are not mecessanily sacesstubal vou create a lara mostitute: and more 
Hp successes mas be vers difficult to show. Sometimes this makes at 
Panel to rnaantiann Hlexabalits 

We belveve that othe tuture we wall certammds continue to use 
coapeTative research We want to have this polioy. Perhaps we should plas 


solu onitiating and toying toestablish qualitied programs. But we also 
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wat the mdustinal group to teel responsible. and atter a couple of vearson 
mote Into progam. we want undustey to successively Lake over more and 
morerespomsibility sotharwecan eetout Phere aie areas where socrety ps 
partiulaly mterested in the use of technology. Phere might be in such 
cases reason fornia beavict involvement of government mone. 
been on the United States. conan research omdacates that imcrease in 
cmiplovmentis greater with small companies than wath Larger Companies 
In other words. the dvaamec senatler companies wall plas an amypportane 
role un the future. and should be able to take partin Cooperative research 
and the usc of techanelogs and research vesults. Maan pmportant results. 
netcunonth beame used. and we think that cooperative rescarch could play 
a tole her 
Pwill describe brrethy the situation on other counties in Rarope. Ther 
was a workshop in the NetherLands an November 1979 entitled ~~ Trends an 
Collective Industial Research.” which describes the buropean situation 
more extonsivels 
In Gorman. the situation ps characterized by the fact that uedustny owns 
the snstitutes, and the odustn ownership os organized under an umbrella 
mgatuzation tor socdustialrescarch onstrates, the ADE. Dhe tumdine of Al 
so twenty-tive percent puble which was one million deutschomarks on 
195d. and on P9798 santy-seven million DM: quate an icrease 
Phe Cnited Kangdom:s old system started in 1917. and the polis sinc 
iy. ascalled the Rothschild Principle. whichis very shorth expressed as 
Hoa pre of research to be done. there must be a customer who os 
propared to pas tor at and a comtiacton to doa As a matter of Lact, the 
government comtributes fifteen percent, but oan a direct) contract 
requirement, where there is work dome tor the mone, put on 
Phe Netherlands has one big undependent onganization tor applied 
scremtilic research called PNQO) amd government conmtributnon to the 
activity as nather beavs 
In branmee, there are tew progiams and the financing os done by poaratiscal 
lanes. DPheandustis does not choose to be comemiber ntrmust partecapate iat 
is located ancettamn branches. Phas tas been critncazed Lately aid nay be 


changed 
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ititie Pp aate thy eoVe Taig rei wall pore gel TEEILITELET anny pretnn tocol tee Cee cathe 


shalarecths wath the cansversaty waothout the governement berg mvolved at 


; : } 
Nh ii iviies Wi clay theet \ spat ten anncltiee thee deneliastas fostethamb puncte Hite 
with ttn thin - 1 facet 1s feet cord apple (dist apetetest ts ponany pals ty) 
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Speaker notidenmtubied: Letime rophuasc my questron. What funding os the 
genectmmem game to provide even to deal undustes onto the gan, so that 
the andusts docs not do the normal thing waths the university. but books to 


the gmeanment tor gundame: 


NiIy DP axnes ji ms cliffecult to answer thit (jie stie lew tine We ite tae 
ashing anddustis te hook teas tor cuntiance. We ate hooking to cdustrs bos 
wissclame 1 ba (in. NI pereryt.ates os designed too by POS} MOTESTNG Tee 
wadusts snecds We have no rescanch agenda in out hip pockets. In gome 
abocount vellinw macliastes so amtetest whit we lave aleccaads chown 
aycdavachual on crepe of individuals whe an persona grata wal 
midustoes, and adentity geomet research agendas that are so compelling 
thot the socdivecdual firms wu ists Tih a cmd Pits teow ate Wohocae thas as c beards 
deaonstiated then we are onterested on tommuing a conte aod ven ton abeead 
wath thie ienapd. ferent ther hoconmeeal mn mowe forward Laster thin thes 
would otherwise. Ttos a ditterent hand of program trom whit thas mation ps 
usealtes Dhasas the toost tome that government has attempted toexperimnent 
with the private sector, and in an area where the government will mot be a 


map matketplace tor the products produced 
Speaker not idemiutied: Pave vou vet chosen the tour areas: 


Nir Phases: Now theme are actually titteen candadate areas rreht mow and 
weoare tring toadentity which have the most appropriate mnterest to thy 
wenctnment and which, when vou come down to the dollar sags, top 


TLL Is willing Te) SP POOTESG HT 
Speaker notidentutired: Could vou tell us what some of these an 


Niro Phavnes: Suve, at ois publ knowledge Wei are looking at 
scmrconductor eqpuipement hhatulacturimne € ott Poreoesites prowaler 
metallurgs, tribologs. computer-aided design, computer-aided 
miata tune artitiialintellweene, robots CCOPTerSDOL, Patt. at ipohiics 
comstruction, food processing, food distubutiom. radiition processing 
welding, pone, et 


Speaker notidentitred: Can vou explain how such an onganizatvon wall 
difter trom the extstong oodustiial assocnatnons: 


Mi. Phavnes: These wall probably be separate trom the expunge ondiestiial 
mganizations, though we hope that such organizations (me luding toads 
mearizations) will find at attractive to particiapate and be sponsored as 
members of the bound of directors of ou C (Mop T ative tec hnolows ceviters 
bor the most part the assocutions do not possess anoin-house ROX D 
cap tbility, nor dothes possess the focused ability to speach 


cchmolowes out through oven ondustires and other ondustires whoach mas 
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breoomtiestead Dhats probably one of the mam deterrents inthe US: 
alihough lotsocmones is bemg spent. most of our efforts are diffuse and 
unfocused Dhati one of the things we are attempting to change wath the 
coopetative gener toc hnologs progtams, and that one of our programs 
mapot diffetemecs. In addition oonags oof toe extn oomdustrial 
mganvzatoons have a blobbvine mteres:. You cannot usctally mingle thes 


two etevatecs. at beast met cadet ous oxasting models 


a ako mot vibeaatatacnl ] weld Ithe the stew the lise isso awa from tha 
big issues toe a vets aenpeontamt semadber assuc) The oodasvacual Laculis 
mectibed who rmaghet be sntetestod un getter cncusteial scapspsort tor some of 
hustescan fe pew moods too tanec! coat what specdarstrnal needs ate hewn Sir chaes 
thet Kopew lym te vo about chang thes. Phe does not hinow bow tor sc Frecdaale 
roscaich tow uodusin because once be tees on wach an ondusins. be wall then 
have to coordinate. usually wath on-fhouse progiams, and has rescanch wall 
have tomesh wath them. Ino experremce most laculty do noteventealive 
that thes have te develop these skills. Dw onder at amveonme on the panel bias 
any suagestions about how universans poople might be shown fist that 


thes noe te cho thes, and second, bow ot can be chow 


Dy Plaschem: Plow do we tap the skills of the university professors whe 
have ne mdustial experromece: We cammot leave them out. they are toe 
Valuable a resource. Psubmot thatthe progam manager does not have to be 
the tochnwalexpert. Phe progam mianager at the university should be, 
however. someone whos credible on the university Lacults. and who also 
has dustrial experence. Phe us the ontermnal “gate hooper” Phe as the kes 
mtetiece? thatthe tacults member should work » ath to @wet that dist 
day. week-Dn week identtication of what hes problems wath mdustey are, 
ad whot has problems are on marketing has groups skalls to dustis 


Speaker not rdemiutred: Can vou give some caamples of this program 


manhawet: 


Dy. Bhaschem: Noun Saboos the perfect example. Phere os aman who cane 
out-of oundastn and whe ceruinls omade this progam. the Polvonves 
Prime ssiniae Pecos nh. stm lr tome ¢ boot cot bole wcnd. stecat amd teats, bound bye 
under studs bow to cormemumecate worl: coceastry. Pebnk theowe shally cca be 
used effectively at MILT to help other aniversity professors without this 


be keroumd to saccocd mm andustialls supported prog:anns 
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PANEL. II: Industry and Universities 


Participants: 
Dr. George S. Rewchenbach, Chairman 
Mr. Robert D. Lauer 
Di. George FE. Dieter, Jr. 
Dr. James D. Bruce 
Mr. Richard W. Reynolds 


Di. George S. Reichenbach 
Vice President, Norton Company 


Pwill approach the issue of university-industyy interaction primarily 
from the perspective of the individual within an industrial organization. | 
invite those in the government and in the universities to follow through 
this train of thought as Pdiscuss the reaction of the individual in industry, 
and imagine how an mdividual within your organization might react. 

Phe radustry class that Twill discuss is very specitic: reasonably big, 
competitive mdustry with significant technical products and processes. 
Phe copy machine industry tits this description. Phe steel industry or the 
machine tool, computer, photographic, abrasives or energy conversion 
mdustries -- reasonably mature and competitive industries of reasonable 
sve -- Could also be settings tor the scenario T will draw. 

It we look at these industries ata given point in time, sav today, we will 
find that some sort of competitive balance exists. All the Companies in the 
industry do not look the same, even though they all make copy machines o1 
they all make grinding wheels. Phey are obviously of different sizes with 
different sales, growth rates and protit levels. Phev have different market 
Shares, in different segments of the market, which can be apportioned 
according to product Ivpe or geography on some other criterion, 


Wiis does this come about? Why don't all the companies in ome mdustry 
look the same: Well, increasingly each of us im industry irs tiving to 
capitalize on our relative strengths. We are domme more analysis, We are 
looking at our companies and asking, “What do we have to win with in 
this competitive marketplaces” And a university could do the same. What 
does a have to win with in the university marketplaces Or what docs the 
government organization have to win with when competing with othe) 
government organizations: We try to capitalize on our relative strenethys, 
and these strengths can be of various types. They are relative and not 
absolute strengths. Ho vou are an incompetent company, but there are no 
companies of any talent whatsoever in vour mdustry, voucan still make a 
lotol money, but dont expect this pleasant situation to last for long. We 
mav have R& Dstreneth We may have a bigger laboratory than the othe: 
company, or better distiibution. Perhaps we are favorably located with 
respect to the major markets. We may havea patent, whichis amice thing to 
have: oramexclusive patent which is very ditticult for other firms to match 
We may be big enough to have a scale advantage mo manutacture. H vou tall 
behind vour competitors, even in the making of grinding wheels. vou will 
probably lose. 

More and more companies are comme, to undeistand this, and they are 
exphoihy tying to use tom management techniques, conducting an 
analysis and then building up a program based on the analysis. We talk 
about strategic planning by business units, and management by objectives, 
where eversthing ts tied together. Phe business schools are pushing this 
approach. Phe Boston Consulting Group, a local organization, is making 
a good income thang people how to do this. As a result ot all this vou 
tend to see specialization within the industry. We have companies 
breaking down the subsegments and finding a niche where they are 
comtortable. A typical niche myvolves taking what PT call the high road, 
where vou have a high-priced, high-performance product, always in stock 
and serviced well. You spend a lot of money on research and customer 
service and entertainment. Other companies may take the lower road: thes 
sell the same product ata very good price, but thes do not give any service. 
They keep the high-priced people honest. Some people have a distributor 
on every corner: vou can buy them product no matter where vou are. Fon 
example, Kodak in the vellow bow is in every drugstore. Some companies 
concentrate on the tew big users. They do not worry about having then 
product on every corner, but sell pustto the mdustrial market, tor example 

Phere are all sorts of specializations. Accompany or industry can poriorm 
better than the others, and it can gradually Change its position, but these 
situations Change rather slowly. Sometimes a companys grows because it 
has a particular irresistible advantage; some compantes fark because they 
don't compete well -- but both fatlure and success take time. 
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Phe managers ino these companies (and here Tam talking about 
individuals) usually are not wholly saustied with them lot. They say, v1 
wish T could do things better’ or “To wish TP had that big research 
department.” But they also teel that, given the external Competitive scene, 
they ave doing pretty wellin then environment. Dhes have atough yob, but 
are succeeding given these constraints. So there rs acertam amount of selt 
saustaction. Phas frame of mind is typical: “Given the constraints, Pim 
working hard, and Pm doing ORK.” This tends to apply toevervone in the 
organization, trom the research man to the general manager, and everson 
in between. Ibis a form of pob security. Hvou think vou are doing allright. 
and vour boss thinks vou are doing allright. then things are ORK. But this 
leads toa frequently found situation, the “not invented here” svndrome. 
This same behavior can be seen in any group, be it a university, a sports 
team, or an individual company. 

Now, given this environnient, a Cooperative research effort is proposed. 
It looks good on paper. but how do people in the organization view ity In 
many cases they see at as a threat to the established order. Tt they knew 
exacth where the research would lead, thes might say. Well. the outcome 
Is going to be all Hight. so Pd vo alone with at. But research is hard to 
predict. Letme list what Pcall “motivators” tor various organizations, and 
talk a little bit about them. 

I put Syob security’ at the top of every motivator list. TP think tor most 
people the first priority ts to preserve their yobs -- not produce a return ton 
the stockholders. I Doan preserve my job and also produce return tor the 
stockholders, Tam w thing todo, but job preservation comes first. Phere 
are certain corporate Controls. and Pcannot go and spend mones without 
mecting certain return-on-investment targets. But those constraints are not 
applied when T hire people to starta marketing program. There is a fan 
amount of freedom here to act without worving about the return to the 
stockholders. Second to yob security is the motivation to gain some relative 
advantage. First, Pbwant to gain an advantage for myself; to produce a new 
product or meet the annual goals which T committed to my boss. would 
like to see the Company grow as that new product gains market share and 
makes me more competitive. TT am producing more products and 
succeeding in the marketplace, my organization gets bigger and [ get 
promoted. And so forth down the line 

Phe university man has other motivations. Job security is important, 
but he sees basic understanding as something that is good tor him to be 
involved in. He likes to educate students. Peer approval and the financial 
security of his organization are also important to him. 

Phis is how different people react. Now, let us sav we are gomng to put 
forward some extra research money. How do the industrial man and the 


university man react? T think if when we provide this moneys we simply call 
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I UeNtra Cooperative research money,” the university man says. Phatas 
going to help me meet most otmy objectives.” Exthramones ata university, 
especially in a COOpPeralive Program, is voine to advance most of these 
things. 

Phe mdustrial researcher is not so sure that “extra research money” 
going Intoa cooperative program will advance his ob secuity, or give him 
a4 relative advantage over his competitor. TE think his initial reactton: ts 
negauive. When vou interject a new element into a quasi-stable Competitive 
environment, people are usually upset about ii and are not sure what will 
result. After a while. it they see itis mesvitable, Pwould expect them to get 
cautiously involved: they will go to the meetings, but thes will keep then 
ears open and thei mouths closed. Thes may pick up ideas that contam 
some advantage tor themselves or them company, but they keep then 
mouths closed in order not to give anything to them competitors. You will 
seldom see tull and complete Cooperation at leastin the carly stages. [vou 
ask the industrial man’s advice on how to direct the research work, he will 
tend to point iain the direction that will give relatively more advantage to 
his company than to another. 

li is important to remember that this is the way people react. These 
problems are not insurmountable, but they are normal gut reactions for 
most people. Phere is no easy, stroke-the-pen was to solve them. You have 
to build slowls and eet the contidence of all involved. These baste conthicts 
at the individual level in cooperative research programs cannot be avoided. 
So. set goals that are realistic, recognizing these basic comthicts. As was 
mentioned betore, we should work in areas of minimum conthict, avoiding 
the commerstone activities in the Cooperative program, 
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I would like to describe ow industrial plovlam al the National Science 
Foundation, and present some of our findings to date. Historically, there 
are four separate clements to the program: small business innovauon 
research, innovation centers, technology immovation projects, and 
university -industyy Cooperative research centers. 

Phe industrial program experiments with small business are designed to 
increase ROX D expenditures in innovative projects mm small business. A 
three-phase solicitation as used, with engineering and applied: science 
National Science Foundation tundings tor the first two phases. Phe last 
phase requires third-party venture capital to develop the immovative 
apphed research deemed teasible in Phase T and performed at Phase UL 

Phase T awards about $25,000 and runs about six months. Only those 
who had Phase T proposals or awards may submit proposals tor Phase IL. 
We have had three solicitations to date and have received 329 proposals on 
the first, $08 proposals on the second, and 950 proposals on the third. We 
are currently going through the evaluations tor the third solicitation. On 
the first we made forty-two Phase T awards, and about thirty Phase II 
awards. On the second solicitation we made tifty-six awards, and are 
currently in the process of evaluating its second phase 

The second element of the program is innovation centers, which 
examine the development of entrepreneurial and innovation skills and 
idea evaluation. There are currently tour of these centers: at MELE, Oregon, 
Carnegie- Mellon, and the University of Utah. Many new companies have 
evolved out of these centers and many jobs have been created. The Oregon 
center has evaluated nearly 10,000 ideas tor small independent inventors, 
fora fee of about one hundred dollars each 
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Phe thod categors as technology innovation propects.  Phese 
expernments deal with mechanisms to foster umiversiny-ridustry 
cooperative rescarch on a single propect which wall accelerate university: 
based research results into industrial appli ations. These progects all tay 
them ongin in iesearch previously funded by the NSF. Phe Westinghouse 
prrayecs ds perhaps the best known eXanple ot thas class of Npcrirnents It 
draws upon seven previous experiments in proglamimable automation for 
batch manufacturing, ranging trom vision systems to parts feeders. At the 
Westinghouse rosearch center in’ Pittsburgh. the research results wall be 
uaed to do a proot-ot-conmcept coxperiment on the batch manmutacture of 
smalbelectic motors. Phe experiment was considered to be too high-risk 
ior any one companys to undertake and benetit trom alone. 

Phe fownth and last category of expermments is the university industry 
COOPCT alive research Cemten ¢ NpchLirnents In these centers the NSI provides 
the seed money to get aconter started. and industry picks up an increasing 
amountot the support until the center is completely self-supporting on 
industry tunds alone. Phe Polymer Processing Centar here at MET. run bs 
Narn Subois the most successtulexample we have to date. Another example 
iso othe university-industy cooperative research center in interactive 
cotmputel graphics and computer-aided design dl Rensselac 
Polytechnical Tnstitute. The computer-aided design center focuses on 
mdustry s longer-range R& Doneeds in interactive COMM Ute! erapolin Ss. ats 
use am computer-aided design and ats anterface with computer-aided 
manufacturing. Phe goal of the conten is to tacihitate the development of 
computer-aided design technology, and cncourage its acceptance by 
mdusty. Tt also provides operation and design experiments in Compute 
graphics to students partiaipating om the centers activities. Compute 
aided design and computer-aided manufacturing olfer important 
productivity gas for US. andustry. Phe center currenthl) has cight 
industial members: Prome Computer. Imdlac, Grumman. Gh. AMP, 
Bethlehem Steel. Lockheed, and IBM 

To would like to decaribe some of our findings. Pndustual program 
experiments have as then goals the identitication of barriers to Universit 
mduste cooperative research, and the understanding and micasurement of 
the effects of Kev variables in successtul universitv-industres Couplings 
Phusisacomples task. Moreover. the kes variables themselves are likely to 
be of differcnt importance in university-indusis center couplings and in 
thre tee hnolows HOV GTIONS Propects Dheretore. another ue nalas Tevc OOMThp are 
ditterences within kev vaniables underlying successtal universit,s industry 
centers, and single out propects to determine the optimal coupling 
arrangements mn each case 

Several barriers to university-industy Cooperative research have been 


identified to date. There are at least tive mayor operating issues where 
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university and industry responses are significantly different. Successtul 
university-industrs couplings must) overcome these barriers. The 
following are the hes variables that have been examined to date in seeking 
to work outresolutions of these fundamental areas where mterests conthict 

Phe firsts deadershep. the manner in which the direction of the center is 
achieved. Alternative modes have been structured in our experiments 

fhe second is wacernity compatibility, the term used to denote the 
cle Viet tO which universits researchers respond fo) OP PORES hon 
cooperative work with industrial researchers. A number of unstituional 
factors affect this response. 

Phe thud as ardiustrial characteristics. Dhese identity the salient features 
of companies and industries most trequenth ivolved im university- 
Indust, Cooperative research. Internelated cconomic and technological 
considerations are the domunant factors her 

Phe dustaal program as cxamining the was these expermental 
vatiables interact to determine coupling outcomes. Tt ois essential to 
understand this i we are to strengthen universitv-induson linkages in the 
MnNovation process, and increase the effectiveness of the total research 
eflont. Further, this Knowledge will permit the replication by mission 
agencies of successful centers and technical dmovation propects. 

First, let us look at the leadership variable. which contains several 
elements. Dhese include the attitudes of the principal investigator (PI) -- 
essentially his on her enthusiasm, drive and ambition: the PEs degree ot 
authority tor operating policres and decisions: the university standing -- 
the capability of the Phin academia as measured by organizational and 
fenure status. professtonal society recognition, and prizes and awards 
received) Finally. (industry tres) measure the degree to which the PI 1s 
recognized by industry, evident from: previous consulting and project 
mdustial society recognition. The preliminary evidence from our 
experiments to date indicates that the successtul universits-industrsy 
coupling leaders need to be enthusiastic and aggressive, have mayor 
responsibility for operating policy and have impressive academic industry 
credentials. Further experiments, however, may reveal a university. 
mdusay coupling model that ts less dependent upon an outstanding and 
versatile principal investigator, 

Letous look at university Compatibility, which treats the response of 
university researchers to opportunities for mdustry or enterprise links. The 
university compatibility varnable includes the question of whether there ts 
anexisting umiversity-based industrial program accompanied by a clearly 
defined patent policy, a high or low technology content of research needed 
by industry, the onentation of the faculty towards the industrial research, 
and the previous experience of the faculty -- for example, whether or not 
thes have had any previous industrial background. Phe importance of the 
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center tothe university, and the administrative freedom of choiwe by tacults 
members ino indusays research without penalty within the university are 
also factors. The evidence to date shows that successtul university -industrs 
couplings are found at universities with a history of high-quality 
industrial rescarch, 

Phe last variable as the industry, characteristics, the iiterrelated 
economic and technological factors underlying the response of tinms and 
industiies to unsversity research capabilities. These factors include the 
industy’s Ro& D experience cexnecutives with technical degrees), market 
power, firm size (large companies being needed tor certain projects), 
profitability. level and trequencsy of university Contacts, and the industry's 
need for thamed cnemecrs and screntists. In this category we are secing 
much more mterest trom udustrs. and a recognition that success and 
growth depend on technological advances. Our experience has shown that 
successtul university couplings have larger, more profitable firms as 
sponsors. This supports the theoretical position that larger firms are better 
able to capture the benetits of research. A unmiversity-industry coupling 
model tor the fragraented industry case has not been developed, although 
the social bemetits ny such a model are likely to be high. 

Our findings to dote have shown that successtul university-industrs 
coupling requires an outstanding leader. Universities with a long histors 
of industrial research are needed to attract industry. support. Firms with 
market power are the first to support umiversity-industy research. 

Future expermments will examine whether a management approach 
exists fora successtul center that does not depend on a single outstanding 
individual. Phis would assure the continuation of the center bevond the 
career ob a single principal investigator 

Secondly, expermments will seek mechanisms by which universities 
without a long hastors of aadustrial research could generate a self- 
SUSTAINS COnter, 

Phiadly. we want to develop a university-industry coupling model tor 
the fragmented industry case, which is socially important. 

Lasth. we will continue to evaluate the variable differences im centers 


and propect Cases 
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You might have gotten the impression this morning thatthe busin 55 of 
INGUSUY-UNTVersity interaction is easy. From my experience itis not. Tam 
going to tell vou a war story. which involves what by all odds was a 
significant-scale expermment ino multidisciplinary, design-oriented 
engineering graduate education. Tt was called the Processing Research 
Institute, and was quite different from Nam = Suh’s operauion in 
organization and scope. In hindsight. a probably best compares with what 
might goon in an kngineering Experiment Station 

Lhe Processing Research Institute (PRI) was started in May of 1971) wath 
a giant trom the RANN section of the NSE. The author of this noble 
expermment was Milt Shaw, who served with distinction on the MHI 
faculty for many vears and later at Carneeie-Mellon University. It was his 
lea that PRI would be interdisciaplinary and would work with industry in 
a propect-eoriented graduate program. The interdiscaplinarny aspect 
involved three departments: mechanical engineering, chemical 
engimnecring and metallures. Itwas organized around a board consisting of 
a full-time director, in which capacity Tserved, the three department heads, 
and three faculty members trom those departments. 

Concerning the introduction of balance in the engineering program, at 
IS important to provide an environment in which engineering graduate 
students do real engineering problems, and [hope vou agree with me that 
we did just that. This was to be done through interaction with industry. 

Phe format was a master’s program: a two-vear master of engineering 
program undertaken in four semesters, with the summer in-between an 
integral part of the program. A kev issue was to insure that the projects 
which were paid for by industry had equal value in the curriculum to the 
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standard courses taken by the students. The course work was not too 
different trom that which a student might take as a master’s student io 
mechanical engineering or metallurgs. Phere was an interdisciplinars 
design course, and if the student wanted to build a special curmiculunm there 
Was an opportunmis to do that 

Dhhe mix of students involved in this program over tive vears came trom 
several departments: Chemical enginecting. mechanical enginceenneg and 
metillurgs, materials scrence (an itinerant civil engineer alse smuck in). 
Phe number of students was not laree. and we were hind of tough on them 
Ii students did not participate and really carn then salt thes were asked to 
withdraw, and a number of them did 

Phe major faculty paruaipation was im the mechanical engineering 
department (Dr. Shaw was chamman of mechanical engineering ), followed 
by metallurges and then chemical cnemecring 

Phe distuibution of effort was. of course. not uniform: we had one soul 
who was a teal trooper when it came to industry mteraction, and tive 
laculty who really participated ina mayor was. Overall, the number of 
faculty who participated over five vears was about half the number of 
faculty in those three depariments. Noone had to particupate. Those whe 
did were faculty with expertise to offer and an interest in getting involved 
in real, industry-sponsored problems 

Phe number of projects per vear was inthe neighborhood of seventeen to 
twenty. The total value of the sponsored propects over five scars was mor 
than two million dollars. Phere was a matching contribution trom NSE 
funds. which had a significant effect ino getting companies into the 
prognam. A total of thirty-nine Companies sponsored sixty-six distinct 
projects. As vou wall see a little Later, one of the thangs that characterized 
these projects was thea fans short duration. Phe average cost of a proyect 
was about $28,000. 

There was a wide distuibution of industrial sponsors. Phey were not all 
Piutsburgh-based firms. by any means. One of the things we proved is that 
vou can certainly do this tvpe of thing without bemmg geoyraphy- 
dependent. 

We have heard time after time thatitis much easter tounteract with Large 
corporations, and very dithicult with small tinms. Surprisingly, a number 
of trade or technical associations showed up on our list of Corporate 
sponsors, and this is because thes are used to interacting with universities 
Thes have done so tora long time. Toward the end we interacted with a 
couple of the tederal agencies, which Twill talk about. Most of the proypects 
were pust one vear in duration, or one vear with extension indo the second 
sear. Tt was rare to have a long-term commitment from a companys. The 
companies were mterested in value recenved, and wanted to be sure that 
thes were getting something for them moneys 
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Our technical problems were in the automation area. Some of them 
mvolved actually balding prototype designs or taking them to the proot- 
of-concept stage. Some of the Larger proyects cost well over $100,000, But in 
general they were smaller, Consisting of cae graduate student with a taculi 
advisor and appropriate technical help 

Lhe reason that the Processing Research Institute can be considered a 
“maturing experrence ors that the university, un the final analysis, chose 
not to comtinuc tas one of its mapor functions. We needed somethime rhe 
$100,000) of front-end money trom = vear to vear to provide tor the 
educational, organizational and marketing functions of the institute. And 
that was hard to come by in the parccular vear when the decision had to be 
made. Why was this the decision? Well, Laan only speculate on a number of 
reasons, but quite frankly the PRI was not glamorous or sexy in the content 
of what was valued at that time at the university. It was in [976 77, betore 
the productivity issue become a toi wem. However, the idea of the nwo-vear 
master of engineering program caught on, and proved its usefulness 
through this expernment. The mechanical engineering and metallurgy 
departments introduced then own two-vear programs. They did not need 
an interdiciphinars program like the Processing Research Institute to do 
these things. We are talking about the tug and pull that goes on on the 
university, between the strength of the departments, and the ability to 
Support an interdise ipplinars PrOQ aM aCToss departments. 

Another thing is that industry support was not all that easy to come by 
The average value of a progect was $28,000 per vear. But with relatives 
lithe effort. we generated several federally sponsored propects, whose 
average Value was $o8.000 a vear, These were more of an applied type, vers 
comparable to the kind of proyects we were doing with industry. So, trom 
the cost-benetit porn of view of adean who was prety well pressed tava corre 
out in the black, PRT was not the best place to spend his resources: and the 
major resource vou have as the faculty. Another thing os that at this tone 
RANN was beme dismantled, and our triends at the NSE. much as thes 
wanted to help us, did not know what to do because then goals were up in 
the aw. The timing was very, bad. The university was at that time 
expanding the Mellon Institute into the Carnmegie-Mellon Tnstitute of 
Research, which m some wavs ts un direct Competition with this kond of 
project, although at as not as heavily integrated with the educational 
program. 

There was an overall problem of commitment on the part of the three 
department chairmen, who started out saving that PRI was a great idea. All 
three of them had gone somewhere else by the end of the program. The 
most successful PRI faculty did not receive tenure. Although some tacults 
invoived in the program did, there is no question that those who 
participated most and put thei hearts and souls into ut did not get tenure 
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Phe mission of PRE in retrospect. was much too broadly defined. [twas 
supposed to do ansthing that was do-able. and make tor good education 
within the three departments. and thats a very broad scope. In was net 
backed up by strong basic researchoin the processing areas WO URIVOTSETN at 
that tame was really doing strong research im processing. PRE did not have 
the necessary Stramia, tic back to the cle pat trents. Because the mission wos 
so broad. at requored a mayor marketing effort, and the funds tor this wer 
part ot the tapo-freone mones needed to he prit ceria. Ann as TP said. theme was 
potential competition wath the Carmegire-Mellon Institute of Research 

Now. what would Ido aif Lb weore to do ut over agar I would look tor 
stability of leadership. Pwould get a blood pact” trom: the participants to 
sec the thing through. Tthink thatareal unstitutional commitment miust be 
made at the beginning of ans venture such as this. Dhat involves mones, 
nota hot but some. Pwould tend to work wiuhia cadre of tenured tacult 
who bod anidentired commitment and the needed « Nprertise 1 bien }™ cnprle 
will be hard to tind, but Pthank thes exist im mans faculties. Phes mas not 
be the real stars right mow because thes are perhaps submerged by the 
different emphases in engineering education todas. Butitis worth looking 
for them. Phen Twould uy to develop a viston narrow enough so that che 
marketing could be accomplished effticrenth -- one of Nam Subes mayor 
accomplishments on his program 

The question of tinancial supporto central nothing wall get done 
without mones. Dhis can be on the form of tax incentives fon undustry. on 
some hind of federal matching funds progiam, or one of the other schemes 
prt Cop ose dl -- but the mones has to be there on vou wall met vel the attention 
of the university 

Then. there isthe problem of atacting the graduate students. Pteel that 
todo real propect research. research close to mndustre . vou need avery mayor 
ime commitment trom the students. Tt vou are trying to get the proayect 
closer to nndustin ss time scale. vou must have more of the students: time. A 
two-sear program tends to be the best model for that, but is certainly not 
the most costeelfective trom: the viewpomunt of the student unterested in 
vetting a master’s degree. You need to make this an clitist hand of thang, 
and put excitement and enthusiasm onto ou that wall attract students 
Perhaps the was to get these students may be trom the pool building up 
now am oomdustrn. As all of vou educators here Know. many of our best 
students are no longer gwome to graduate school atte: wetting then BS 
Dhes are gore to undustey atvers attractive salaries, and TP suspect that 
some ot them are disillussoned. Thess mow tee! that maybe they ought to 
have gone on to graduate school: that perhaps they missed then chance. I 
think we mas have avers viable resource building up here that, through 
clever support mechanisms, could be brought back ante ondustes- 
LETDEVE TSIEN Pte t ath 
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losome extent. Dteel that lam preaching to the comverted because all of 
vou ate here precisely because vou are onterested mm cooperative research 
and mo mteracting with universities. As T listemed to the speakers this 
mnning and tothe panels thas afternoon, [found os own remarks beme 
eaten away slowly but surely. Pthank that this speaks of the unitormaty of 
mans of out feelings regarding the need for Cooperation and the wavs to go 
about at. Dwas impressed with Bob Lauer's analysis of the barriers that we 
find as we attempt mteraction between universities and undustin. Uhe 
msucs of diiterent research cvbyyen tives, of different time scales. of 
pcp iclary Vetstis prurlolac Information, of pratedits, and of Communication 
are all things that we face daily as we mteract wah our mdusinal 
colleagues. But these barrets have been and can compmue to be overcook 
successiully. af we identity people who are commuatted to work in these 
purtioula areas 

Dhere are cotta prerequisites tor ans involvement between universits 
and ondustey. First. amy unvelvement, mteraction or cooperation must be 
relevant vo the university's maim masston. The mission of the university is 
education and the discovers of new knowledge. Once we begin to step 
bevond that we encounter problems. Thor trae. as Herb Richardson 
mda ated cathe this alternoon, that the idea of what constitutes education 
and what comstitutes the discovers of new Know ledee is a mowing tarect 
The ideas that were prevalent on the 1950's were mvoditred in the 1910's and 
have continued to change. Today we see the pendulum swinging back 
trom basi scrence towards the more applied areas, areas directly related to 
mdhustrial and societal needs. Second, there ms always a porerbole moon the 
university campus of lachtes and stall. Do we have the peoples Do we 
have the equipment? Do we have the space to conduct the necessary on the 
desned program? And finally, a question which TP think os wrapped up in 
the other two: does the proposed COopeTative program remtone out 
teaching and research progiams: 

Now, if vou were to look around the university campus today vou would 
find many examples of interaction wath mdustry. We have heard them 
enumerated throughout the day. MET ts partecularly fortunate on that the 
comceptol mteraction with ondustries stems all the way back toour charter 
m i861, we have a chartered obpective to unteract with undustry to out 
mutual bemetit, As we look around this campus, we tind that there ar 
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many dimensions to this interaction. Some T would call casual: collegial 
interaction and the passive exchange of information. Another dimension | 
would call representational: many representatives from institutions sit on 
various boards and committees here at MET. Similarly, university people 
participate in industrial Committees and boards. Phen there is the whole 
class of interactions that are substantive: the roll-up-vour-sleeves-and-get- 
to-work activities. 

These different interactions address two basic objectives. Lhe tirst is the 
provision of students who will be employees in industrial concerns. 
Second is the generation of basic knowledge, as weil as applied knowledge, 
that can be carried forward to industrial use. havea long list of the various 
interactions T have observed around here. Many of our students do go out 
and work in industry, an interaction we cannot neglect. They are ow 
product and we should be concerned that our product meets the needs of 
industry. Along that line, there are Cooperative education programs, and 
we at MIT have two, one of which is among the oldest in the Country: the 
course VIFA program in electrical engineering. Our students go out and 
spend a part of them educational program working in midustry, in close 
relation to a faculty member who is assigned to oversee them work at that 
company. Many of ow faculty interact in consulting relationships wath 
companies. T have spoken about board memberships and committee 
memberships trom the university to the industry, and from indusuy back 
to the university. We ace beginning to see a greater exchange of faculty and 
research stall between university Campuses and industry; not pust for a tew 
days, but for weeks and semesters and even a vear. Phe idea of the industrial 
sabbatical is growing, and T would argue that a willeventually grow even 
bevond that which many of us envision. In some circles itis becoming an 
Inappropriate concept, but T think T would be remiss if TP were not to 
mention the interaction that comes from industry to the university in the 
form of philanthropy. I vou look about a campus such as MET, and think 
this is true of any of the great private institutions in this country, the trelds 
in which we are involved are to a large measure determined by the 
philanthropic gifts that we receive. Many of those come from industry 
either in the form of direct gifts from the company or trom the founders of 
the company. We would not be in many of the fields that we are in, were 
that not so. 

I want to mention three particular interactions that [think are growing. 
In looking back at the amount of the industrial research done on the MIT 
campus, particularly in the years since 1950, T see a monotonically 
increasing function, not only in dollars but also in percent of total. That ts 
very encouraging, because for many years many of our faculty were not 
interested in industrially-sponsored research. Such research couples us to 
the world of industry and provides great insight to our students. We are 
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going to see a greater number of individual, industrially-sponsored 
research projects tn the future, which result trom an individual company 
sponsoring the work of one or more faculty members ina particular field. 
If we look about this campus, we find such sponsorship in very basic areas; 
areas where the pay-olf of the research is ata point in the future. We also see 
projects where the pay-olf is of a much shorter-term nature. In addition, 
companies are becoming interested in licensing a particular patent o1 
know-how that has been developed on Campus, and then sponsoring work 
in the same field here as part of the process of transterming the technology 
into the Company. 

Much has been said today about research consortia. We have heard and 
we will hear again inaflew moments about Nam Suh’s Polymer Processing 
Program and its success. | think atois a model that we will continue to 
observe and to emulate ino other fields around the Institute. Other 
examples, however, abound here. They involve not just one tacults 
member or a small group of faculty and students and industry, but much 
larger concerns requiring a bigger umbrella. One that comes to mind ts the 
MIT Energy Laboratory. We do not think of the Energy Lab as an 
industry-university Cooperative venture, but wis pust that. This becomes 
evident when vou look at how its pieces work together, at the source of the 
funding, and at the aim of the Lab to provide an independent view on a 
parucularly important segment of this nation’s technology and 
technological needs. Out of this laboratory have grown two interesting 
centers -- the Center for Energy Policy Research, which is funded entirely 
by nontederal sources and looks at policy-related issues in the energy field, 
and the Center for Health Effects of Fossil Fuel Uulization, funded by 
government and industry, which looks at the toxicological issues of ow 
utilization of tossil tucls. 

We have just announced here on this campus that we will build a VLSI 
facility. Phis will be a state-of-the-art facility and industrial support will 
be required tor its operation. 

One could go on and speak of the need for university-industry 
collaboration in continuing education programs. MIT has had a long 
history of providing a number of spaces in classes for students who come 
from industry. We also provide vic_o-taped ipstruction. But [ am not 
convinced that we have settled upon a model that really speaks to 
industrial needs, and we are being chaitlenged by some of the industrial 
leaders in greater Boston to get our act together. [ think in the coming vears 
we must do that. 

I would like to mention another set of programs, those of the Industrial 
Liaison Program (ILP). ILP has the charge to provide a broad transfer of 
knowledge of all the research that is going on at the institution to the 
industrial community. My responsibilities at MIT are to oversee two 
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piograms, the Industrial Liaison Program and the Associates’ Program, 
which together are both the largest and the oldest of liaison-related 
programs in thisnauon. Through these programs MET provides a window 
for its member companies, and there are roughly 200 in the Liatson 
Program and sixty ino the Associates’ Program, on the technologs 
developed here. The idea is to disseminate that information as rapidly as 
possible. 

Finally, let me share one concern, which [raise as a question because [do 
not think we have an answer vet. How do we address the needs of the 
smaller Companies, the companies whose annual sales are in the range of 
ten to twenty million dollars a year? Such companies can and do compete 
eltectively, for our students. They can and do send students here tor 
continuing education programs. But such a company cannot afford to be a 
member of the Institute's liaison programs; the fees are too high. For the 
same reason, these Compamies cannot atford to participate in Nam Suh’s 
program. They cannot afford to sponsor research at MIT, because thes 
don't perceive the payback to be adequate tor them. Yet we know that some 
of the most innovative Companies in the country are these smaller ones. 
How do we interact with them? 


BIOGRAPHICAL NOTE 


Dr James D. Bruce is a professor of electrical engineering at MET and director of the 
Industrial Liaison Program 

Di. Brace received the BUS. degree in electrical engineering and mathematics from Lamas 
State College of Technotces in 1998. He recemnved the SM. and Sc.D. degrees in electrical 
enemeerne from MIT in 1960 ond 14 

During the 1964-1965 academic vear, Di. Bruce wasa Ford Foundation Postdoctoral Fellow 
in Engineering at MIT. That same vear he was appointed assistant professor of electrical 
engineering. He was promoted to associate professor in 1968, and the following vear he was 
named executive officer of the Department of Flectuical Fngimeecring and Computer Scrence 

In 1971. Di. Bruce was named associate dean of MIT's School of Engineering. He received . 
his appomtment as a tall professor in 1973. During the 1977-1978 academic vear, Protessor 
Bruce served as dean of the School of Engineering. He was named director of the Industrial 
Liaison Program in January 1979 

Dr. Bruce has consulted extensively tor organizations such as Development Analysis 
Associates, Inc... the Raytheon Companys, the Cambridge Research Insutute, the Oak Ride 
National Laboratory, the Honeywell Radiation Center, and the Charles Stark Draper 
Laboratory. He taught digital signal processing in Bolt, Beranek and Newman's Advanced 
Study Program trom 1968 to 1970 and a similar course for IDMON Associates trom 1970 to 
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1073. His recent consulting has focused on the introduction of advanced technology imto 
developing countries 

Among Dr. Bruce's current research and professional imterests are digital signal processing 
and information management systems. He and his students have developed several on-line 
computer systems to assist in the management of an academic department's resources, and 
some of these programs have been nnplemented at MET. 

He as a semor member of the Institute of Electuical and Electronics Engineers and the 


American Socrety of Eneimecting Education 


Mr. Richard W. Revnolds 
Director of Manufacturing Technology, Xerox Corporation 


Perhaps I can bring a different perspective to the discussion as a membet 
of the Manufacturing Research Community in industry, and as one 
dealing with a very specific consortium -- the one headed by Nam Suh. 
There area number of other industry-university interactions that flavor my 
remarks as well. 

Basically, the goals of research in industry and in the university are 
different. The goals of industrial manufacturing research are very short- 
term; we wanta quick pay-back. The university wants a generic prcbtem to 
work on, and has a longer-term vision. Ours tends to be narrow in focus. 
Industrial research is very applied; the university's is very theoretical and 
basic. We tend to want our projects to remain as proprietary trade secrets; 
the university wants them in the public domain. Industry ts primarily 
interested in implementing its projects to get a cost savings in the near 
term. The university's primary goal is to educate. With these diverse goals, 
one would think that it might be almost impossible to achieve success in 
yom ventures, but IT have some thoughts on how this partnership can be 
made successful. 

First of all, and vou have heard this earlier today, there must be an 
overriding motivation on the part of both organizations, the industry and 
the university, for this to be successful. The top management in industry 
must support these efforts both from a financial standpoint and also by 
providing the personnel to do the proper liaison. There must be high-level 
commitment within the university. [tis important to look for early spin- 
offs -- benefits that can be implemented with perhaps modest 
improvements in the near term, and aspecis that can be pointed to as 
definite mutual benefits of the interaction. The planning this entails has 
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been discussed in detail. Pwould like to emphasize that itis necessary to be 
spec iti about the gouls of each projyect. In order tor the prayer ts to be 
successtul, both organizations must have a common understanding ot the 
results that are being sought. 

I would recommend staying away trom the corporate comerstones of 
technology. For Nerox this means staying away from studying xerography. 
Otherwise vou will run into proprietary problems, particularly in these 
consortium programs. Place multiple bets. Research ts risky business in 
any circumstance, and there is nothing wrong with having the same kind 
of project going on in two different universities, or multiple projects at the 
same university. Plant the seeds, fertilize them and cultivate them. Follow 
up on the project frequently to assure that the mutual goals are being 
maintained. At Xerox we appoint a single contact tor each project that we 
sponsor, someone who teels responsible tor making that research 
successful. Part of his performance appraisal is the examination of the 
success of his project at the university. When vou accord that kind of 
responsibility vou find the concerned individual elevating the problem 
areas of the project to management. Management then gets in touch with 
the university management, and the research gets back on track. It is easy to 
getolf track when vou meet only once a quarter; in between, things can go 
astray. Butil vou give a particular person this kind of responsibility, he can 
make wt his business to interact with the research on a weekly basis. 

Ot course, one of the real side benetits we receive from these interactions 
is the opportunity to get to Know prospective candidates for emplovment. 

In closing, T want to mention that, although we have not vet 
implemented a mayor project at Nerox from the Polymer Processing 
Program, there are three fairly major projects that will move into our own 


laboratories this vear that were initiated as part of projects at the university. 


Major tinancial benetits Could be achieved trom these starting in 1981. 


BIOGRAPHICAL NOTE 


Mr. Revnolds is in charge of Neroxn’s Manutacturing Research and Development Function, 
which he established. Some of the innovative management techniques he has evolved are 
comporate-tunded manufacturing research, the “Seed” progect concept, Enabling Technology 
concept, and cooperative research with universities and research institutes 

Mr Revnolds recened his BME. trom Cornell in 1993, and studied nuclear reactor 
enwimecnng at the Harthord Graduate Center in 19957 and at Rensselaer Polytechnical 
Institute from 1967 to 1970. He as amember of the Amencan Society for Metals, and ts adjunct 
professor, metallurgs, at Rensselaer 

From 1968 to 1970. Mi. Revnolds was chief of Manufacturing R & Dat Hamilton Standard 
Division, United Airerate. He has worked as research engimecr, manulacturing engineer, 


plant supermetendent and general foreman 
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DISCUSSION 


David Noble: Tam an historian of technology and industry. T have great 
sympathy tora lotot the things that have been said, but Lwant to share with 
you some of my concerns. T think that we are embarking upon a mayor 
transformation in the relationship between the universities and the society 
as a Whole. There are only two other academic transformations of this 
magnitude in this century. 

First, vou have been talking a lotabout the crisis in innovation. Twantto 
remind vou that this has never been demonstrated. It is rather suspect. 
Second, the corelauion between innovation and productivity is 
ambiguous. Third. the correlation between regulation and innovation ts 
ambiguous, at best. Fourth, the correlauion between innovation and the 
competitive problems we are facing as a nation is ambiguous, at best. 

Phe enthusiasm that T hear, and in part share, for what we are calling 
cooperation ts understandable. But we should not believe our own rhetoric 
that claims there ts a crisis in innovation, because we can get carried away 
in the details and lose sight of what all this is really about. T think that 
universities like MET, research universities, are interested in cooperative 
ventures because they provide research funds, and offer a way to cut 
through all the government red tape in research activities. Industry ts 
Interested in Cooperation as a part of its larger Campaign to improve the 
climate for investment, to deregulate -- in) both environmental and 
occupational health and safety areas -- to Change the patent svstem and the 
antitrust laws, to get tax breaks, and, asa means of receiving state subsidies 
indirectly through the universities, to avoid the attendant state control. In 
addition, industry can considerably enlarge its resources rather Cheaply by 
coopergung with universities, since i can acquire resources created by 
decades of social investment for mere operating expenses. The government 
is enthusiastic about Cooperative research for various reasons. But with all 
due respect to Frank Press of the OSTP. Bowman Cutter of the OMB, and 
Jordan Baruch of the Commerce Department, their Domestic Policy 
Review recommendations are for all intents and purposes 
indistinguishable from the recommendations of the Industry Committee 
on Economic Development. They are basically straightforward business 
recommendations, endorsed by the Administration. 

I see three dangers in the type of cooperation being discussed here. One 
pertains to the universities, and that is the need for academic freedom. It is 
rather quaint, but itis very important. With more direct industrial subsidy 
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to universities there will be (and ts already) a considerable restriction of 
views, and greater Conformity to management obpectives. Second, the typo 
of Cooperation we are talking about wall tend to remtorce deregulation. «1 
do not sec anyone trom regulators agencies or public interest groups her 
lied to that. P think there will be an increased concentration of ccomormic 
power stemming from these cooperative ventures. Dhurd. the direction of 
research atsell will be influenced. In the biomedical area, tor example. the 
relationship between Monsanto and Harvard has already inthuenced the 
direction of cancer research being done there, moving i aways trom the 
occupational and environmental Causes of cance 

Finally. we have talked a lot about Computer-based manutacturing, 
CAD CAM systems. and the like. The direction of that area of R& D 
continues to reflect only ManNaVemenst obj ctives and rgnores social etbects. 
Lhere is no one here trom labor. We are talking about retooling major 
mdustries: where i Labor? Although Lam highly enthusiastic about a lot of 
what T have heard, TP think this conference is an indication of what wall 
happen at we don tinsure a broader base of discussion and participants. As 
I already indicated, there is no one here from the regulators agencies o1 
environmental or consumer groups. TH this is the pattern that will be set ton 
cooperation, Ethink that we wall tind ot ditficult to argue that itis in the 
interest Of society as a whole, and not pust the well-endowed and powertul 


parts Ot soctety, 


George Reichenbach: Thank vou for vour comments. We wail take them 
into our deliberations. TP do not think that we should try to respond to all 
that now, but Lunderstand the pomts that vou are making -- and mainly 
they are very good points. 


Speaker not identified: T would like to direct my question or Challenge to 
Mr. Lauer. Phe information that vou presented showed that, so tar, we do 
not Know how small companies can work with universities efficiently. Dh 

Dieter has tound the same thing. TH that as correct. can vou pustily the 
amount of money mi the NSF budget that ts set aside tor the speciti 


purpose of coordination between small companies and universities? 


Robert Lauer: The small business innovation program is a separate 
program in cooperative research. Phere, the transter is directly to the small 
businesses themselves. 


Questioner: Do you have information on the efficiency of that: 


Mr. Lauer: [tas arelatively new program. [tis only two vears old now, but 
we are gathering data, and the Companies that have gotten awards are 
succeeding very well in getting venture capital, and in some places are 
being absorbed by large Companies. Infact, thatis one of the things that we 
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are concerned about: they are so successtul that thes are absorbed by large 


companies. So mnone sense we may have created a monster, 


Nazu Bhagat: [have heard a great deal here about the difficulties taced in 
ving todo “the technological research.” and also about the mechanisms 
by which this country has accomplished much in the past. Phere has been 
vers lithe discussion of areas where mareased research is needed. T would 
like to ask the panel: Are there any auitical problem areas, or research 
agenda currently neglected, which unquestionably require a Cooperative 
approach: 


Di. Reichenbach: Twill venture a partial answer Phe mdustial times 
have identified many areas, which they are researching and supportung. I 
believe the Jordan Baruch commuttee tuied to identity generie arcas. Thes 
produced a long list ot potential areas for COOpe»nalive rescale hand Tauess 
that as the best effort to date. 


Mi. Bhagat: T would like something more Concrete in identifying specitie 
research gaps that call tor a cooperative research approach. 


James Bruce: One of the problems ts really one of the issues in Bob Lauer's 
model Right now, mn order to get a Cooperative program gomg, vou must 
find a champion on the university campus. You have to find that person. 
Now, once that person is identified you can go to the exercise of putting 
together the funding and the industrial organizations that will be part of it, 
But until vou have that person identified, vou are whistling in the wind. 
You can parade the money and the various research agenda, but the thing 
that will determine vour work is that man or woman who is willing to be 
out there on the line. 


Mr. Bhagat: The selection of that individual depends or may depend on 
the problem that needs tackling. [think that vou cannot start with the man 
and tell him to look tor a problem to tackle. 


Di. Bruce: He will bring the problem. 


Dr. Rea henbach: Many of us feel that innovation is a mice regular 
marching process. You do basic research, and based on that you predict 
that certain things will happen. You test tout, certam things do happen, 
and eventually vou have a product for the marketplace. Mavbe that 
happens. But in the experiences of the members of this panel it hasn't 
happened. Rather, basic research brings people to a certain level of 
understanding. Then, this key person that was just mentioned suddenly 
has an inspiration. He says, “Tam not quite sure why this is going to 
happen. But I make an extrapolation and [think that [can do something 
that no one else has dene.” He cannot prove that the idea will work, 
though. Then he goes around and sells his idea, saving, “Come bet your 
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money with me: Pthink Poan do wt.” Later on, some basic researcher may 
explain why uw worked. But T do not think we ever sec new mnovations 
come the wav thes appear in the textbooks. [tis a vers muddy thing. [tas 
very hard to Know what the good patent rs, and what the good idea is when 
itis ist reached. 

Speaker not identified: In our experiments, industry votes with its mones 
on the problems i considers important. Where industry puts its money ts 
the determining tactor. 


Speaker not identified: Tam looking for a trame of reference on this. On 
the one hand, think the whole bottom line is national encouragement of 

,oreo. Onoone side vou have technology that hay been developed 
qua CCM an ateas tke Route 128. On the other, vou have the Fortune 500 
compantios. They have already chosen sides, and are domg quite well atthe 
universities, and thes bring in people as consultants and that earns them 
exthaciedies. What ts the extension of these two things that will provide 
eo! jonal linkages. or new slants on linkages, between universities and 
LIMGUSTIV: 


Dwight Baumann: We can compare or contrast industrial support to the 
alternative of government putting money into a so-called government 
laboratory. That has been mentioned this morning as a mechanism that 
worked well in the NASA and the NACA and in the agriculture 
department. T think that we will find that these government Labs helped 
lonagn industry as much as thes did ours. Phere were as many of the 
NACA numbers in the Zeros and Messerschmidts as there were in out 
airplanes. Phe problem is that government Laboratory results have to be 
published, and our industry does not read. But foreign nationals do read, 
and so the money that we spend in industrial Laboratories, the so-called 
nonprofit, does get spread around the world very bast 

On the other hand, if we put it into universities where there ts an input of 
people. the result ts people. And those people start industries, and carr 
Hen university Knowledge with them when they go to the companies and 
work there. T think that itis very important that we recognize that the 
reason Detrow happened was not because it was a good place to build 
automobiles, but because Henry Ford was born there. The same thing sull 
happens today. People, when they have contidence and are operating in an 
environment where they can do real and vital things, continue to do those 
real things, and do them wherever they are living at the time. If we want 
industrial development in this country we will do something that deals 
with groups of people, and we will make damn sure that there is a 
throughput. 
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Resource Allocation and 
Technological Innovation 


Dr. Norman Hackerman 
President. Rice University 


The onnovation system has tunctroned to date more randomly than otherwise. It ais 
larimed with in rrasing fret rey that if thas sislom rire s mri pri hettey organi cd 
mnovation and productiaty) would bloom agam inresplendent fashion. The answer 
to that proposalis ne (thet a rousing attlirmatie nora sournegatie. lt seems lear that 
errates organisation istequire dat the end that produ es material svtems. but this need is 
ess clear at the less structured inaprul ¢ nd. uheve the intent is to induce orginal ideas 
Such organication as is necessary should samply provide tor the identituation and 
enYancement of the prope imdiaauduals Thies proce ssas far from effaovent. and wall 
likely remain wo 
The wari, of matenals is either current or omminent, and there isno question of 
thas culture's vital need for science and tec hnolow The sfress of dehate over 
apportioning basu science support between advancing the tundamentals and closing 
the Laps uu iil help kee p the system active and viable. The eule loerta prope shave 
ay the cormimon, as well ays len alize d. iu vcalth uu il als ( inte 
The question of the induuduals who become part of the onterprise, and the roles they 
fill. as the single most omportant aspect of the problem. Structuring personnel needs to 
personnel supply is probably satisfactory tor the team approa hto proble m solutoon 


hut ats unsatisfactory in providing the overall setting for the occasional crucial idea 


Iam pleased to be here this evening to discuss the innovation system in 
this country, the need for Cooperative research to stimulate innovation and 
productivity, and some existing and possible new mechanisms for carrying 
out such work. 

We are all aware of the concern about a slippage mi this country’s lead in 
innovation. In the summer of 1979, Newsweek featured a mayor arucle 
entitled “Innovation: Has America Lost Its Edge?” In October 1979, after 
completion of a domestic policy review on the subject, President Carter 
sent to the Congress a message on industrial innovation initiatives. In the 
House of Representatives, an Ad Hoc Task Force on Industrial Innovation 
has been formed, chaired by Representative Les AuCoin (D - Oregon). In 
December, the task force joined with other members including 
Representative George Brown, the chairman of the Subcommittee on 
Science, Research and Technology, in presenting a colloquy on industrial 
innovation on the floor of the House of Representatives. 
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lndusay. including small business. and scademis and govermmecat ate 
mvolved. So. tooo the \metian Chemical Socren which comvemeod a task 
hoe on innovation. In December. the National \cadenn of Fnginectime s 
Colloquium on Industrial Inno auon and Public Polis was held. Pl 
Dow Chemial Companys spomsord a Conference on Advances an 
Chemical Screeme and Lechnolog. im October 1979. to nine tegethes 
academic chemists and chemical engimecing and industial enccutives. \ 
second conterence, sponsored by Au Reduction Companys. is scheduled tos 
fall TSO, and the Amerian Productiats Center will hold a sama 
comference an April T980)) Today's conteremnce has been organized to 
consider the issucs involved and to fonmulate and recommend policies tor 
comsideration bs decison makers m academia. mdusoy and goverment 

Notevervonc. however. belreves thatthe US. hus lostits umnon ative « clu 
An article in a recemt issue of Hughes Atwest Sundancer, “Ma. Yankee 
Doodle Damds by Dennis Meredith. suweests that there are mans 
Independent mventors i thas counties and that thes need only a litthe help 
to brane thea ideas to the marketplace 

What are the forces driving the natronal comcemn about technolown al 
mnmevation: One ow the cdisappomtineds slow growth of Ameri an 
productivity im recemt vears. Amother as the evident success of tonengn 
competitors, notably the Japanese and the Germans, incompeting wathous 
kor markets for mdustrad products. Sull another os the challenge to our 
dahil. to mmovate stemming trom the scarcity. of energs resources. ¢ The 
resultant high cost of emerges mas be a driving tore. but basicalls atias 
recownived as a realistic readpustment om values.) Shortages of strates coed 
madustrial minerals and metals suchas cobalt. chromium, manganese and 
platinum now exist. Phe CS. imports approximately 90% of cach of these 
metals, and ites likely thatwemas be atthe same pom with regard to these 
nomrenewable resources as we were with respect to oil ten veats ago. TE se. 
we must begin taking steps mow to avon an ccomomic and strates 
disaster, There is no real evidence of a reversal of the trend to require 
technology. in the high technolo. soceties. nor does i appear that the 
developing countires will tail to tollow the same course. So a stone 
technolows is vital 

Before examining ways to meet these problems, LT would like to sav a tew 
words about ammovation. Most of us agree that the technolownal 
MNOVatON process comsists of that range of activities involved wath 
conception. research, development and diffusion of new on naproved 
products, processes and services for private or public use. Ina sannpole 
model, the sequence proceeds trom basic scrence to applied research and 
development, then to technological innovation. and finally to ecomonc 
growth and an increase in social well-being. OF course, the actual svstem ts 
more complex and subtle than thas mmplies. and uncludes details that may 
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not vet be properly appreciated 


The svstemm om oa tuehl ouneaatne network where scree and 
applaation are mutually remtercing and information thows both ways 
The overall level of activin an the network ponot only a tumetron of 
application opportunities, but also of scremiuti and techincal ads mes. Tt 
sccttainh affected by ccomomec mncentives and financial aspects as well as 
by HMpUISITIVG. themaehuiul and Kanew leulec able proenple 

Scrence maa provide ao seed that tlourshes inca particubarky tertile 
mdustial setunmg. ot ano industial problem may tertilize cc adem 
thought. on both may occur Dhe convergence of helptul citcum stances 
sometimes @ccurs and sometumes does not Inmoaanen ts met onduced 
singular: ators multtaccted. Otten applied scrence or developanend wall 
open new avenues of rquins tor basi scremece Conversely. all beasnc sc nen 
cannot be « Np te al too dececd ter tea Dean rhery re al advance. durecth of ondorecth 

Phe mun of bask scremce and technologs wanes with the portecuha 
poblom bem anvestrgated. and some mmo vation occurs watheout on 
basi science pereeptibly preceding mt -- ie the mventor draws om hos on 
her own backenound of Knowledge. An mmo ation may bead to scnenttn 
discoverres. whachooun tum mas combine with others and wath tee hiologs 
to lead to further mmovative results. 

Phe major clements of the amnosation process include the research 
communis (mest frequemth. academia ommstitutions).  Ccomnerciul 
mstitutions Cran@me from major mdustr to small busamesses and 
mdividuals). mvestors and tinanmerers, and now the Federal Government 
The universities. an which base screnece has often onginated. crew 
prmaniy an work that wall advance understanding. is longer range mn 
nature and normally docs not have a quick pavotl indeed, university work 
mas involve mo risk. on that its purpose is to mecrcase understanding. The 
universities: maapor resource is bright people, including graduate students 
who are there tor educational purposes but who abso provide a relatively 
inexpensive Labor source. (This as not denigrating - om akin to 
apprenticeshiyp or unternshap.) Further. the universities have state of the 
at onstrumentation, even though the components may be aging. because 
ol ingenious HMprovisation. 

Industry. in which applied research as wellasdevclopment usually takes 
place, tends to support work of a shorter range with a relatively quacker 
pavoll, Industry's mayor resources are bright and educated people. capital 
and directed drive. Small businesses are a unique part of the ondustrial 
system, and make a disproportionately lange Contibution to inns ation, 
For them, mones as a problem more than an available resource: then 
strength lies in the mnovative people who are frequently: found on this 
setting. 
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(governments ostate and local. as well as tederal) have both direct and 
mndirect influences he inmowation process. Dhev act as facilitators 
through tinancing of Ro & DD. and exert both inhibmine and tacilitating 
etlects through prate PEE. CaN al boon) cabal re eulation prooknc ics allot whi huathect 
economic and tinameial aspects of the process 

Phere aremany questions wocanm raise about the mov ation process. kon 
mstamec, cam we identity @aps on the system and devise means to close 
them? Atwhich pointscan leverage be applied ettectively, and what should 
be the nature of the leverages Can the time span of the process be shortened: 
Do our cNIStIng INStitutions prov mm adequate cnyironment tor 
technolowinwal mmovation: Who should finance the unstructured search ton 
baste Knowledge: How much applied research should be undertaken in the 
university setting: Should thine bude development: Do whatextent should 
richustrs ye choouragwed to mk reas PENS Po DTOETR AE € =) | baste se monces Llow: 
Ane additional incentives needed to imcrease graduate student emollments 
in certam fields. amd are these the responsibility of academia, industry on 
GOVCTHINONL: Would some roreanization of ZoOvernment to cncourage 
Innovation be helptul: 

Sonn federal PCO ADI bias threads been sugeested \n 
Independent agency, the Natronal Lechnology Foundation, is one 
suggestion. Tt would unite and coordinate clements within the tederal 
sector involved im innovation and productivity, university midustrs 
hokages, high technoloews small business, technical mtormation and data 
acquistiton, and transter of technmologs and information to the privat 
sector. Phe oxpectation is thata separate foundation tor technology would 
encourage Guly unique technologs programs, and enhance a creative 
environment. Undoubted), itis looked upon as a potential home tor 
cooperative research programs mvolving academia. industry and perhaps 
government.) On the other hand. such an agency. would tend to deal with 


current issues and might lose sight of the long-ranee needs of the countrys 


Some believe that itis umpossible (and periaps unproductive) to draw on 


attempt to draw a sharp disanction between screntifte and engineering 
endeavors. tomas be that further expansion of NSE programs in basi 
engimecring science and appled scrence would better accomplish the 
PUT poses ot thre proposed legislation 

\nother issuc deals with the apportronment of basic science support 
between advancing tundamental scrence and closing existing gaps. Ehists 
aomatter of importance to all comeerned, but a will not -- mor perhaps 
should at be settled. The stress and tension of debate. T believe, help 


maintain a Viable system. Continued discussion of the proper share of the 


common wealth, as well as ‘localized’ wealth, for the enterprise as a whole 
is also to be expected. This debate and discussion is apt to be less difficult 
and frustrating at the output end of innovation since the utilization 
portion of the spectrum is more easily understood and accepted. 

How well does the innovation system work? Lodate, it has functioned m 
a largely random or stochastic fashion but has served well, viclding a good 
cadre of educated and trained people to provide many of the large and 
small advances of the century. A point made with increasing frequency and 
mtensity today is that, if the system were only better organized, if the 
linkages among the elements were improved, mmovation (and its 
concomitant, productivity) would bloom again resplendently. 

Phe proper response to that suggestion should be neither a rousing 
affirmative nor a discouraging negative. Cooperation among clements of 
the system can be explored at many levels: among individuals, among the 
institutions mvolved, and between national policies and objectives. In 
considering these levels of interaction itis iMportant to keep in mand that 
the approach may be through either: ahighty structured or a totally daissez- 
fave system. We need to determine the price to be paid for each. It seems 
clear that greater organization ts effective at the end that produces material 
items: tas less clear that much structure is desirable at the inputend. Phat 
end is somewhat formless since the intent is to maduce ideas and orginal 
concepts, both where ignorance is evident and where mois not. This 
suggests that at the new knowledge end, organization should simply 
mrovide for identiiication and enhancement of the proper mndividuals ton 
each type ob task. Dhis process is tar trom etficrent, but mereased efficiency 
in the tomm of a better matching of supply and demand does not insure 
mnproved innovation, although tomas assure improvement in doing 
assrened tasks. 

lraiming of individuals may bea problem in some areas. For example, 
mdustry needs manpower with a liberal education, expertise in science o1 
enginecting, and a knowledge of business practice and management. Phe 
demand tor engineering graduates is now so great that some graduate 
schools are unable to till them programs with US. students. As a result, 
foreign e@raduate student enrollment is climbing. By 1977, 30% of the 
graduate students in engineering fields were foreign. Phe inplications 
(both positive and negative) melude the tollowing: 

~The present level of university-based research mas not be possible 
without foreren student involvement. 

--horergn students provide new perspectives that contribute to the 
intellectual mix at universities and stimulate new wWeas 
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--Foreign students who remain in this country provide an important 
industrial resource but constitute a brain drain trom them home country 

--With the expanding economy in many parts of the world, a substantial 
number of foreign students (many federally traimed) are returning to then 
homelands. This turther aggravates manpower shortages, especially in 
engineering and the computer scrences. [tts also cause tor concer by 
industry, as technology anster to other Countries takes place through this 
mechanism. 

--By relying on foreign resources we are masking significant national 
problems. eg. those of attracting adequate numbers of students to 
technical fields and developing a balance between research activities and 
mndustual and universit’ crployvment Opportunities. 

--Forergn students from some countries Concentrate in selected applied 
areas and can cause both short-term aud iong-term distortion of research 
prowrams. 

Phe longer-range point of view should, however, consider foreign 
student involvement within the larger context of global development and 
the advance of other nations in economic growth and technical prowess. In 
a changing world of limited resources and increased specialization, 1 ts 
becoming cleat that, while striving tor national excellence is important, 
some diviston of labor among countries is productive. A country that 
increases rs screntific and technical capabilities has a greater potential to 
solve its own problems, including those of health, food and energy. This 
does not, however, diminish the substantial industrial concern with this 
Issue, 

Phe individual who becomes part of the Innovation enterprise, and the 
role he or she chooses, are the most Important aspects ol the process Here 
the gloomy tendency is to note the diversion of the “best” or “smartest” 
individuals to other fields, implying that they should instead stay in the 
science and technology sector. Phe outcome of structurmg personnel needs 
with supply as probably satisfactory for the team approach to problem 
solution, but less satistactory ino providing the overall setting for the 
occasional truly innovative idea. 

Attention must also center on improving and strengthening the ties 
between universities and industry, the institutions involved ino the 
Innovation process. A recent paper in Science by Prager and Omenn points 
out three factors identitied earlier by Smith and Karlesky which have led to 
a weakening of these particular linkages during the past two decades. They 
include the separation of academic research trom: perceived industrial 
needs, the level of interest among university. graduates ino industrial 
research centers, and a decline in industrially-pertormed basic research, 
These authors also identify and discuss four types of university-industry 
relationships, including corporate contributions to universities, 
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procuroment of services, Cooperative research, and research partnerships. 


Federal suypport to stimulate mnovation is mecluded in the programs of a 
number of agemeres, among them the National Scrence Foundation. Dts 
Diecctorate of Fngincerimeg and Applied Science CE AS) secks to strengthen 
the nation senginecring and applied science research base and enhance the 
links between fundamental research and applications, especially in 
addressing certain selected natronal goals. The requested tiscal 1981 
budeet tor BAS was S157 million. of which $62.6 million was earmarked 
lor engineering research. This represents a strengthening of the 
boundation s cngimecime activities over a mumber of vears: in 1971, the 
budget lor engimecrme in NSE was SPELT million. 

Other activities of particular mterest in EAS are the following: 

The Indust University. Cooperative Research Program which 
encourages individual Cooperative research progects, and thus strengthens 
Hes between universities and industry. 

~The Small Business Innovation Program which provides 
opportunities and meentives for small scrence- and technologs-based tinms 
to perform research on important screntitic and technical problems that 
could have significant public benetit it successtul. 

~The Industuial Technology Program which sponsors research 
moentives designed to mearease the commitment of US. industry to 
research and development. and supports the establishment of 
UMIVersHty industry cooperative research centers i generic technologies. 
Phe program: also supports propects to draw together results of various 
basic research efforts when it appears likely thatasvynergistic ellecton U LS. 
technological capability Could occur. 

Phe total amount requested in fiscal vear LOST tor these last three 
programs is $38.2 maillion, a substantial morease over earlier funding via 
the NSE. 

\cuviuies seeking improved understanding of the incentives and 
disincentives affecting the innovation processes and then management to 
identity potential leverage points for federal action are supported through 
the Foundation’s Directorate for Scientific, Technological and 
International Affairs. These etforts are closely coordinated with 
Complementary efforts in other programs. 

In fiscal vear T9S8O0, President Carter directed the Foundation to work 
with the Department of Defense, the Department of Energy, the 
bkovionmental Protection Agency, and the National Aeronautics and 
Space Administration to help mitiate other industry university programs, 
witha view toreaching alevel of over $150 million annually. Phe NSE also 
plans to work with other agencies to determine whether they should 
establish small business programs, with an eventual total of $150 million 
moannual funding. 
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A different type of activity, a national conterence to stimulate improved 
curriculum development in technology management and 
entrepreneurship, will be pounthy hosted by the Department of Commerce 
and the NSE. 

A 10-vear Ocean Marein Diilling Programs mic lauded in the NSE’s fiscal 
vear IOST budget at S1O million, to be matched by the US. petroleum 
Indusiy. Engineering design and cost estimates tor conversion of the 
Government-owned ship. the Glomar Explorer, and the advanced deep 
ocean drilling system, as well as scientitic planning, will take place in 
fiscal vear P98). Results of these efforts will provide the basis tor the final 


“go, no go” decision on the whole projyect as a yomnt venture between 


government and industry. Lotal cost i estimated at S700 mullion. 


Whether the efforts enumerated above are the “correct” amount and mix 
op whether greater inducements will be required ft stimulate 
university industry cooperation, only experrence can tell 

Poday’s conference, through ats panels. may identity other 
arrangements as alternatives or supplements to the existing programs 
Among those which Thave heard suggested is the exchange of personnel 
between universities and mdustny. Phe physical location of students and 
faculty inoan onadustoal setting, or mdustrial researchers at a university, 
should encourage each to become aware of the problems, needs and 
capabilities of the other. Teas umportant that the interaction be in-depth 
and continuing, and thatthe mdividuals involved personally identity with 
and have a high degree of responsibility tor R&D proyects. Phev should be 
aware of the significance of therm work forindustrn and tor contributing to 
the deve lopment of new hKnowledac 

\ different kind of altermative as the establishment of 
university mndustiy research centers within industrial locations. In such 
an approach, mnduste would provide the center location and leadership, 
with appropriate alrangements for university, researchers to) periorm 
research activities at the center. Tmyportant issues associated with this 
approach are as disparate as antitrust concerns and the formulation of 
research programs 

Phe nations cconomiu well-bemg requires constant attention by all 
interested parties to stimulate innovation and productivity. Continuing 
experumentation, strengthening of the system, and imaginative new 
approaches by academia. industry and government are needed for the most 


etlective utilization of our resources 
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Academic Research and Industrial Needs 


Mr. Thomas O. Mathues 
Vice President, General Motors Corporation 


Thi contributions of busimess to this nations colle urs and uniersities can take 


many forms. Some financial support os desirable and necessary, and isa basi business 
and social ve sponsibility The shitt trom 
ON timanctal supportis puastified in view of efforts to limit government spre nding, and in 
terms of adustry’s decreasing share on the dominishine tundine tor research efforts 
Financial support tor research must, of Course, he based on mutual interest and 
concern, and madustnal research ettorts must be supple mented hy ettorts an the 


academis corvirviianniry 


In addition to financial support, industry can cooperate u th academiu research 
eHlorts by disseminating the results of industrial research work, partuipating im 
execute faculty exchanges, coordinating cooperate education “work study 
programs and making summer pobs available tor top students 

Colle ues and uniersities must hie ip stude rnifs and rewrar hers develop the skills 
necessaTy to transter erxperime nial work from laboratory, lo practical industrial 
apply atvons. Few commoditres are more ditticult to sell than the innovative idea, buat 
these ave ule ntl needed. New divections entail risk, and at as the ve sponsibility ol 
educators and industrial managers to evaluate that risk in light of potential gaims 

Foreren competition isa major challenge to Ameriwan industry today. If domestu 
industry soto compete successfully wath foreign manuflacturets, we need skilled 
manufacturene engineers and managers with innovative approaches to 
manulacturine processes. Perhaps the most svenificant « hallenee to our colleges and 
unimerities is the development of programs whith would provide graduates well 
tramned in manufacturing processes and able to apply ther knou ledge to the complex 


mannuiacturme requirements of the future 


I would like to offer the views of one company in one industry on the 
optimum nature of the industrial-academic relationship. In saving that, I 
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gorurrnmentto mdustry as the primary w;Hte 
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am bemg teribly presumptuous. Lam not atall sure that T know what the 
optimum nature of the industrial-academic relationship is but Twill give 
some of my personal views, and some of those expressed in the company 
that To represent. PE want to extend these general Comments bevond mis 
specific responsibilities in manutacturing at General Motors: but Dreally 
would not be doing my job it Pdid not get a bit parochial, as wall later on, 
and zero inon our manulactiuning operations 

Lhere are tew goals more desirable tor our economy than the goal of thas 
conference: tomake “a substantial contribution toward increased national 
productivity and technological mnovation. Tis a goal wecanattanonts 
through the cooperative ettorts of business and government and the 


academic community. Continued progress and success for our mation 


depends on out ability to overcome any narrow special interests, and to 


work together to provide the impetus that our nation needs to grow and 
prospec 

Phave set down seven rather loosely associated ideas which T believe can 
help charity thy Processes ot COOPCT ATION Let me first olter sone 
suggestions about how the business Community, can contribute some al its 
assets, is Knowledge. and its experence to our colleges and universities... 
Later TPwall discuss the contributions that the academic community can 
rake 

Pethaps the most obvious business contribution ts financial support 
Some vears ago. industry provided a substantial portion of the tunding tor 
basic and applied research on the universities. But as we all know, tor the 
past lew decades most of these tunds have come trom the Federal 
Government, with smaller amounts -- ino most cases vers much smatiles 
amounts -- comme trom state and local governments. Industry's tinancial 
supporttorresearch has actually diminished toa small traction ot the total, 
and the total itself has dimuanished. TP think this is in part due to the 
pressures we as a people have exerted to limit tederal spending more 
realistically. None of us has escaped the ettects of our mtlationar 
economy, anointlation brougwhton by too little attention to sound tiscal and 
monetary polices. DPoday there as litth argument with the view that 
government spending must be reduced. and more ot the tinancial 
responsibility tor research be placed on the private sector A company that 
does not accept a portion of this responsibility i not only abdicating a 
business responsibility. but as refusing to accept an important social 
responsibility as well. emphasize this not because such a relationship 
doesn texast. nor because industry hasnt supported academic research and 
development im thre prast, but because we meed to do more And, 


concomitant to this. government should do less 


A second point: pust as ior mcumbent on industry to provide some 
financial support. itis also ancumbent on the academic community to 
solid) and atuact that support. Th industry in general recenved more 
atiactive proposals trom the academic community -- that is, proposals 
which were admitted) more onented toward our own self-interest -- then I 
think more tunding would be forthcoming. Thus. to improve this 
reclanionship between undustry and the academic Community, there must be 
nuewe thoughtin the academic Communit, about mdusin s interests, and 
more proposals brought tonward than inthe past. Pbelreve industry willin 
fact respond. and will support more university research as a result, We 
would rather have colleges and universities come to ws for help. rather than 
seck at solely trom: the government 

Pwanttoemplhoasize thatwe should Cooperate in areas of mutual mnterest 
and concern. Our resources simply will not let us supporteversthing. Ia 
researcher, for example. as secking supportoin the ticld of philosophy, 
General Motors will mot shut the door the moment we hear the title of the 
propect. But this researcher may be Competing for available sunding with 
someone investigating, perhaps, amore cconomical method tor extracting 
petroleum trom oil shale. and the Latter would be mearer and dearer to oul 
hearts. as vou can imagine. Ibis amatter of matching the research interests 
to the unterests of industry. We do not shut the door on propects like 
philosophical research. pust as we did not shut the door on a grant fora 
studs of personal privacy. oron vers significant grants we are making in 
the field of Camcer research. But these are some exceptions. Phe rule. when 
talking about a specitic undusto. as to think about thatindusty and about 
whatats self-interest might be. Obviously. we are extremely interested in 
well-considered technical research propocts, and we know that our own 
sophisticated internal research efforts cannot begin to touch on evers 
technical area important tocour business. Phe academic community can -- 
and increasinels should -- supplement industrial research efforts ina 
vanicty of subject areas. We are open to such proposals 

Dhiere ane scone potential porcobole ms which must be addressed in any 
discussion of cooperative research. but T doubt that any of these are 
msurmountable Thais certainly possible tor the business and the academe 
communities to work together and overcome any barriers, while protecting 
the aterests of all sides. and obs Ving the Law on the Pacess 

In addition to providing timancial support. mndustrn can make other 
sigmilicant conmtiubutions to academic endeavors. Industry can. un mans 
cases, become more open about its own researchettorts. With the exception 
of sensitive, proprietary work, Lam certain that mans results can be shared 
willingly. At General Motors, for example, our screntists and enginecrs 
regularly publish the results of mans of thea completed and continume 
proyects 


Pam aware of the difficulty of keeping abreast of all the work going on 
today. T strongly recommend that those who arc interested m industiial 
research developments establish and mamtam personal relationships with 
then industrial counterparts -- the people im industry responsible for R&D 
work. Tt To were to put my finger on the single thing that would besi 
laciitate our relationships, iis this one-to-one personal trust between two 
mdividuals working inthe same tield. Phas is by far the most productive 
war to tansion mtormation and techhologs back and torth, tar better than 
published reports 

Many companies inomany industries have expressed interest im some 
mutually agrecable form of personne! exchange. Under the proper 
cucumstances, General Motors would welcome an) opportunity to 
investigate the merits of loaning executives with specialized Know ledg: 
and experience to universities and colleges. We have done some of that: 
more would be beneticial For the same mutual benetit we would like to 
explore the possibilin of taculth members taking sabbaticals as 
protempore members of GM statis and divisions. Again, we have done a 
lithe of thas; we thank ato has been productive. and we believe that much 
more could be dome. Phere may be some problems tor business. and mia be 
flor the universities as well, but we think those problems can be 
surmounted. The benetits both to industry, and to the academc 
community are well worth this cthort, and wilbenable both parties to tind a 
wad around most obstacles 

Additionally. we think we would like toextend the benetits of this idea of 
sabbaticals to bigh-potemtial students. General Motors has been heavils 
involved in cooperative education through the General Motors Institut 
for alonost tilt. wears: we graduated our tirst four-vear engineers in PS32 
Dhis longevity is good testumony to the value we place on the Dnstitute 
Mains of our best people come tous through a program which combines 
classroom and Lab work and on-thy -yob studs. Phere are so tew drawbacks 
tothe program involving the work-study idea that Lam contident mans 
additional companies will be willing to tr this more efficient alternative. I 
hope the academic community will be equally willing to increase its etforts 
mn cooperative cducation as an cilective way toamprove the relationship 
between the school and the workplace and to expedite the transter of 
1e4 hnolows 

Second to cooperative programs, we believe that a summer or two 
working am oindustiv provides the best preparation tor science and 
engineering students. While PH contine my remarks here to scrence and 
enginecting cooperative education and on-the-job study probably work as 
wellin other areas. Phe student who works in industry tor the summer 
learns a little bit about the world of work and the tree enterprise system, 
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and what will be expected of him there. He or she begins carly to make the 


connection between what the universit, can and should be domme. and 
what in the industrial world needs to be done. We have found that people 
with this experience have a real advantage when thes begin thea tull-time 
careers. Pwould encourage academic Counselors and placement officials to 
establish and maintain relationships with indusuy representatives. and to 
be sure that qualitied students are aware of the opportunities in this area 
In general, the industrial community ts very responsive to the needs of the 
academic community. as long as those meeds are Known and understood. 

I would like to suggest some further ways in which the academu 
community can gear us efforts to meet mndusty s needs. Our schools of 
science and cngimecrmeg can provide some of the highest quality, most 
promising rscarch obtamable anvwhere, whether i directed contractual 
roscarch or mnvestigation undertaken mn more genes al subpect matters. Lhe 
resulting advances in knowledge can play amos significant role in our 
nation s continued technological development. Qace again, the optimum 
results can be achieved only through a close working relationship. 
Researchers should get to Know the people in industry interested in then 
Spee lahivations, and work to talon research efiorts to then spree iti and 
particular needs. Above all, researchers should develop the ability to 
thanster the results of expermmental work from the Laboratory to the 
industrial world, 

TP have said to GM emplovecs a hundred times. that unless something 
happens anoone of our operating divistons where we actually make 
something as a result of research or mmovation, then our Manulacturme 
Development laboratories have not done anvthing either tor General 
Motors or tor mankind. Unless somebody picks up anidea, and trom it 
makes a better product or imitates a new process, we have not really 
accomplished vers much. Phe transter of techioloes is probably the most 
critical step. At General Motors, for example, we have hundreds of highty 
skilled people ian our Manutacturing Development operation, and 
hundreds or perhaps thousands more in our operating divistons, whose 
mission as to unvestigate advanced tools, machines and processes which 
will enable us to manutacture better, higher-quality products. But the 
bigevest barrier we face regarding the quality of our products ts notin 
R&D. This the obstacle of the manulacturing organism, perhaps embodied 
mothe manulactunng supervisor who ws unwilling to depart trom 
customary procedures and take a calculated risk involving cither unique 
materials or umique processes. We all know that this exactly what he has 
to do: so how do we get him to do ite 

Letme ilustrate the problem. At General Motors, we will say, several 
veats in advance, that at 8:05 on September 18 in Arlington, Texas, a car 
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beady willcome trom che plant, marry. up with achassty, and we willliave a 
mand new car Dhe average car has about 1o.000 parts: all Do 000 of these 
ts will come together and make a pettect car. TH vou. as minulacturineg 
xavisor, had to be sure that this car appeared on schedule. vou might go 
jast obit overboard to make sure that vou used nothing but absolutes 
proven cchnologs. You wouldn't want to be the one person who stopped 
us from making thatcaron that day. Conmsequenth. when vou approach 
manulhatuing people with the idea of mew technology. they an 
something tess than enchanted. Much of the productivity. problem os 
concerned with this Lasi step: how do we convince this hardnosed guy whe 
has to make something happen that he ought to go about ut ditterenthy: 
Applied research oa: usual thouelh to be a thiee SECP) PoPOcess We 
determine a need, deve lopran advance the relevant bods of know ledge and 
then follow through to successtul application. [tas the neglect of that 
follow-through step thatmakes a dattioult to pudge the value of the whok 
pPreaess Iti we do mot make the tinal st }?. the cmtire process ts Hn question 
Ihe importance of the research contubutions of colleges and 
universities is surpassed only by the importance of the products thes 
supply every vear the graduates tramed and equipped to take on 
meaninetul positions mindustny. Plbotter a slightly lacetrous sketch of the 
graduate we need. He or she has camed a bachelors degree in scrence on 
enginecting while working inauniversity undusty, Cooperative education 
prowram. After recenving that degree, Obviously standing mumber one in 
the «lass. the graduate worked in industry tora few vears, then returned to 
shool tor an MBA. and now has one toot scrence and one foot 
busimess. Our ideal graduate, then, is well-versed in ccomomcs, tian 
and international studies, and speaks several forcign Languages. He on she 
has commnued to develop experence and skillina particular technological 
waeaoas well) In addition to education and practical experience, the 
applicant offers a thorough understanding of the Compotate process, a 
vaniety of ideas about how to improve our operations and, perhaps most 
mmportantiy, the Knowledge and skill to sell those ideas to Our managers 
We have never really bad a graduate like that, but we would be a world 
beater if we tound one 
Perhaps trom the standpoint of an educator the Last of those atiibutes, 
the ability to sell ideas, may be the most difficult tomsall But itis also one 
of the most valuable abilities in the repertoire of any top business person 
Vt evens level. we must Cneourawe ou students and out cmplovees tw 
develop the ability to convince others of the value of a dilferent approach ot 
a different method on a different product. New direction entails sone 
degree of measured risk. Itas our pob as educators and mndustrial managers 


tocvaluate nisk in the light of the potential rewards. But todosowe have to 
develop in voung people the ability to present those risks and rewards in a 
reasoned, convincing manner Tam talking about probabilities, 
quantitative measurements of the potential risks amd rewards 

The shelves of our libraries and our Laboratories are tilled with propects 
which have nat vet been sold. We have the merchandise on the shelves and 
we need to move it. In an age when progress depends on the practical 
apphiation of mnovatve ideas, these shelves represent lithe more than 
wasted national resources. In view of the mcrease of boreren manulactured 
products sold in the United States and the economic loss tothe US. which 
results from thas relatively recent trend. we can little attord to waste any of 
our potential resources 

Phe growing domimance of torergn products ms readils scen throughout 
our economy. Invone sense all competition. whether torergn or domestic. ts 
necessary and healthy -- but only when that conpetition os both tree and 
fan. Here Potter my sixth pout. Pam not an advocate. nots General 
Motors, of protectionist measures designed. tor example. to limit the 
mnport of Japanese automobiles. But A\mencan manutacturers lace a 
bewildering variet, of restrictions af thes want to market automobiles om 
Japan. This disparity should mot exist. and we hope that all govermmenis 
will take a close look at then ex:eort policres and then mmport restrictions 

The success of Japanese manutacturers inthe United States pomts outa 
stuthing facet of the state of US. business today Trresprective ot product, 
nether Japan nor ans other nation possesses any technologs not avatlable 
m the United States. What the successtul torergn manutacturers do rs visit 
the US. notebooks and cameras on hand, and take home the best examples 
ofow product design and manutactummg technolows. Lnmans cases thes 
have mmproved on the manufacture process to the extent that mans 
American firms have serious cause tor concer. When we carefully studs 
the Japanese-built automobile, tor mistance, we tind there ts nota single 
nem of technolows. nora sumnele mnnmovation. thatas not available on the 
US. We are not foreclosed trom doing what thes do. not by technologs 
certainhy, not by invention. not by anmnovation 

All of the technoloes used to control automobile emissions, all of the 
technology permitting increased fucl ecomomy and satety, allot the design 
and cenginecting techniques, were readily avanable to the Japanese 
tourist busmmessman with hos notebook and his camera reht here on this 
country. Gaven that, iors reasonable to ask why so mans cars sold on the 
U.S. Last vear were Japanese-burlt. Phere are several reasons. One reason ts 
the ability of the Japanese automobile manulacturer, i many cases, toout- 
manulacture some domestic operations. Simply put. while there is no 
technolegs gap between the United States and Japan. there as) some 
evidence of a manulactunng practice gap 
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Pwanttomake a parochial point about manulacturing. Hf Twere asked to 
name the most srgniticant area of Concern to American industry over the 
next decade, the answer would be the level of basic manulacturing 
processes and skills: specitically, the expertise of the highly skilled 
manulacturing engineer. TP think that we occasionally forget that this area 
is vital to the needs of the country. Untortunately, the manulacturing 
enginee? has for too long been burdened with the stereotype of the grease- 
under -the-lingernmails, bull-oi-the-woods type, whose principal function 
was to make sure the production lines ran at maximum speed and the 
machine uptime was maximized. Few images are further out of date than 
this one. Phe manutacturing engineer we need so desperately ino the 
coming vears will have a university degree ina recognized, specialized 
manulacturing enginecting program. Phere must be four- or tive- or six- 
veal university) programs aimed squarely at manutacturing engineering, as 
distinguished trom mechanical engineering, electuical engineering o1 
other specialties. Phere are vers few of these programs, and those thatenist 
need to be better, This same person will have an advanced degree in 
business, be thoroughty Lamihar with current and tuture manulacturing 
processes, and have the abiliy to implement the technological 
developments necessary tomeectour continually Changing manutacturing 
requrrements. He the manutacturing engineer I described sounds a little bit 
like the optimum job appheant Ttalked about earlier, it's intentional. The 
Valuable manutacturing engineer today must possess allot thateducation, 
shill, expertence. and yudgement if United States industry is to meet 
successfully the Challenges ot this decade and the vears to come. Oua 
industry, andevery mndusoy, will require this hind of Contribution if we are 
to remain competitive here cad abroad 


Questions 


Waldo Rall Where do the Japanese get them tramed manutacturing 
engineers: 
Thomas O. Mathues: I don’t really know; does anyone else have an 


dbnswetls 


Speaker from audience: There is a strong liaison in’ Japan between 
universities and industry, and a particular manulacturing engineering 
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professor would have a direct line to a number of Companies. He would 


recommend to these companies the types of students that he knows they are 


seeking. 


Mi. Rall: The Japanese have the “employment tor lite” philosophy, and 
therefore invest a lot more traming in then own employees than any 
counterpart Companies in this country do. All Japanese employees go back 
to school in then companies at least one month of every vear. 


Mia. Mathues: Is it your suggestion that unless we do the same we cannot 
catch up to them? Do you think that we should employ our personnel fon 
lite: 


Speaker mot identified: No, there is a lot more in-class Wraming in 
manulacturmng engineering. If vou cannot get it from the university you 
can do it voursell. It costs vou moneys, but it's possible to eeta pav bac k. 


Questioner not identified: Does GMI have a course of Curriculum in 
manulacturing cngimecring: 


Mir. Mathues: Yes, we do. IT think MITE also has one. 


C. W. Dean: Most schools of engineering produce hordes of industrial 
engineers, who could easily be what vou call manulacturing engineers i 
thes were ever in a position to do more than conduct time-and-motion 
studies. Simply establishing standards tor piecework rates and so forth ts 
very pedestrian, but a large number of these people spend thea whole 
careers doing this type of thing. 


Mr. Mathues: You are perfectly right. Industrial engineering traiming ts 
an awtully good springboard, but we are talking about going much further 
than that. 


Dwight Bauman: T would like to address the manufacturing engineet 
problem. When industrial recruiters come to see us they are looking fon 
seventy-live B.S.’s, eighty Ph.D.’s, so many master’s; there is no product 
differentiation. Tl vou would specify more carefully what you want, and 
puta price differential on it, TE suspect you might get better results. But at 
the present time you operate on a singte parameter system. You send the 
recruiters out, and get back a lot of raw material. What happens to the 
students who are hired, we do not know. But industry does not teed back 
into our system and tell us what it wants. If you bought steel on a single 
parameter system, you would soon go broke. 


Mr. Mathues: Muc > of what you say ts exactly the case. On the other hand, 
General Motors, like a large university, is far from monolithic. We do what 
you say, but also what you say we should do. 
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Di. Bauman: Let me tell vou about my experience with Japanese industry. 
Iwas working on memory systems while on the taculty at MIT. and a 
student came to see me with a full curiculum te get involved in memory 
systems. He was planning to return to Toshiba, and the courses he wanted 
to take plus the projects he wanted to do lett him one course short of a 
masters degree at MIL. Ltrred to convince him that he should take his extra 
course and get the degree. But he telt he didn’t need the master’s degree: he 
had agreed with Toshiba to take these courses, work with this professor, do 
this job, and come back to the company. Now. if you evetvoul employees le 
the pomt where thes are this valuable to the Companys, then T suspect vou 
will have vour problems solved. 


Mi. Mathues: The solution would be on the wav. anvwavy. 


BIOGRAPHICAL NOTE 


Mio Thomas O0 Mathues has been vice president in charge of the Manulacturme,e Staff of 
Ceoneral Motors since 1978) Sin conpotate sections report to Mi Mathues: Manutactummne 
Devclopment, Real Estate and Property Management. CM Photographic. Energs 
Management and Plant bnginecting. Manutacturing Engineering. and An bransport 

Mio Mathues pouned GMoin 1940048 an Inland Division Cooperative student at General 
Motors Tnstitate. He attended Grove Catv College and the University of Tlnnors while serving 
withthe US) Navy during World War TE Partot his naval service was spentas an instructor in 
clectromics. In 1970. Mao Mathues attended the 73rd Advanced Management Program at the 
Hi wvard Business School 

Mir) Mathues returned to Inland on 19 boas. punior enginect. He was enaduated trom GMI 
in 147 with a BS. in mechanial engimecdng and the following vear was mamed propect 
enginect. In 1990. he was made supervisor of enginecting phy siabresting and in 1952 bec ane 
director ot Laboratories 

Mi. Mathues was promoted to chicet engiect mn 16, to director of sales and engineering mn 
162. andon July }. 1906. wasnamed general manage: ot the Inland Division. the post he held 
until his election as a vice president of the Corporation 

Mir. Mathues as a registered protessronabenginee: in Ohio. Pleas amember of the Universit 


of Daston Board ot Trustees. the General Motors Insitute Board of Reeents and Tau Beta Pi 
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Cooperative Research: A Student's View 


Mr. Timothy G. Gutowski'! 
Department of Mechanical Engineering, MIT 


The MIT-Industry Polymer Processing Program is currently sponsored by nine 
companies, and includes five professors and twenty-four students working on twenty- 
ane projects. Research topics range from the friction and wear of polymers, solvent 
separation and moisture content measurement, to nondestructive evaluation. Started 
in 1973 with seed money from the NSF, the program has deve! sped methods of project 
selec tian and riicw a rnd program wit 

The key benefits of the program to students ave financial stability tor projects, close 
interaction with industry, development of communiation skills, and increased job 
opportunities. In return, students bring to the program an unbiased and 
unconventional approach to research projects; they should not be considered in 
competition with consultants. 

Students expenence several conflicts within the program. Often the desire to publish 
research results is at odds with industry's proprietary standards, and students are often 
at the focus of the dispute. Problems of disclosure may arise during students’ job 
interoiews. Most of these problems can be solved of students are invested in the project, 
are included in the patent submission. and ave aware of the implications of publ 


disclosure on patent rights. 


In presenting a student's view of Cooperative research, in particular a 
view of the MET-Industry Polymer Processing Program, I would like to 
discuss four different areas: first, the program itself; and then, 1) how 
students benefit from it, 2) what students bring to the program, and finally, 
3) a litthe about the conflicts that students experience in the cooperative 
research environment. 


The MIT-Industry Polymer Processing Program 

The MIT-Industry Polymer Processing Program is made up of MIT 
faculty and students, as well as technical and administrative assistants, and 
industrial sponsors including those members who sit on the Industrial 
Advisory Council. The director and prime mover behind the Polymer 
Processing Program is Nam P. Suh, Professor of Mechanical Engineering 
at MIT. Presently we also have an associate director, Professor Lewis 
krwin, who is, by the way, a former student in the program. 


‘Since this talk, Timothy G. Gutowski has received his Ph D., has porned the faculty at MET. 
and is now Assistant Director of the MET-Industry Polymer Processing Program 
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fo aid in the administration of the program, our research propects are 
omganived under the group leader system: older graduate students, usually 
PhD. candidates, are available to he lp and direct the yvounegcl students in 
then research. In almost all cases, research projects lead to student theses, 
and of Course all of these are under the supervision of some taculty member, 
Students interact with faculty members (both those on their thesis 
committee and other tacult. advisors) and with them particular progects 
Industrial representative 

Phe program is sponsored by nine ditterent companies: AMP. Kodak. 
GM. Goodvear, Instrumentation Liaboratomn. PEL. Lord. Rogers. and 
Nerox, which vary somewhat ino size The program started with 
somewhere between one to three companies -- depending on what vou 
detine as us beginning -- and at one ume had twelve sponsoring 
companies. Phe program operates on an annual budget of more than a hall 
million dollars. Phe individual tee a company must pay varies with the 
volume of plastics business that they conduct: this can range from twents 
toone hundred thousand dollars per vear. This moneys supports tive part- 
tine professors trom the mechanical, electrical and chemical engineering 
departments. Dhis diversity in advisors ts also evident in the breakdown of 
students: currenth) there are sixteen im mechanical engineering, two in 
electrical cngimeering, and six in chemical engineering. Eleven are Ph D. 
candidates, ton masters, and three bachelors. These students work on a 
variety of research propects, including Diving of Polymers, Molding of 
Coramics, Interpenctrating Polymer Networks, Extrusion Rheology, 
Fration and Wear of) Polymers, Structure-Property Relations of 
Polystyrene, Lough Composites, Reinforced Reaction Injection Molding. 
Fiber Breakage, Processing of BMC. Separation of Hexane trom 
Poly butadiene, Nondestructive Evaluation, Electrically Conductive 
Composites, Processing of Composites, Sequential Forming of Plastic 
Parts, and Intelligent Injection Molding: the diversity, of propects is 
evident. These propects vary in length, depending on the student working 
on the proyect and the research goal, but in general they are about a veat 
and a half to two vears in duration. Of course, very truittal areas are 
comtinued by new students. 

Losolve problems that emerge during their research, students must call 
ona variety of academic disciplines. T asked the students in the Polymer 
Processing Program to list the three academic disciplines they relied upon 


most in solving problems encountered in research. Their responses ranged 


from Heat Transter to Organi Chemistry to Solid States Physics; the 


\s of publication. the program has ten member companies. Boeing, DuPont, and Martin 
Marietta have yorned the program and Goodvear and Rogers are no longer members 
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disciplines used most often vary widely. TE vou were to make a plot of 
research projects versus academic disciplines vou would obtain’ broad 
scatter with vers lithe correlation between the two. By contrast, in 
laboratories that are organized around particular academic disciplines, a 
statilication along that individual academic topic would emerge. 

Because of this interdisciplinary atmosphere, students in our laboratory 
get a unique education. They become problem oriented rather than 
analysis oriented. Most people, I think, tend to try to solve problems with 
familiat solutions, while im our program students are exposed to many 
approaches to problem solving, and learn to find them way in unknown 
areas. To would) speculate that these are very valuable lessons ton 
encouraging Innovation in industial problem solving. 

Our proyects are selected from lists submitted by the industrial sponsors. 
Dhese are ponth reviewed by the sponsors and director and other interested 
faculty and students, particularly those looking for research projects. 
During the course of the review, stated problems may be redefined. Fon 
example. itmay be thata sponsor makes fiber remtorced injection molding 
parts. During the mold-tilling operation, fibers are oriented ina direction 
perpendicular to stresses that the part will experience during use, so some 
of the parts eventually tail Phe sponsor's original problem statement may 
be “How can we control tiber onentations” After some discussion this 
statement might develop into “We wantto make lightweight, inexpensive, 
Strong parts. 

Fach potential proyect must tit certain criteria, which address both 
academic and commercial considerations. Phe proyect must 1) fitin with 
the industrial member's current undertakings, 2) lead to better (i-e., more 
productive) wavs of accomplishing existing processes, 3) have potential for 
achieving significant results, 4) be of educational value (1.e., good thesis 
material), 9) offer an intellectual Challenge, and 6) benefit the collective 
SPOTSOTs. 

In addition to these six positive requirements, ibis necessary to avoid 7) 
Inational process technologies, &) refinements on obsolete technologies, 9) 
working on problems that really do not exist, and 10) working on projects 
the results of which would be obsolete by the time work was completed. 

Once the propect is selected the students write a formal “Project 
Documentation,” a brief summary of plans and projected schedules tor 
approaching the problem, which ts distributed among the sponsors so that 
they can keep track of the various projects undertaken. 

There are several mechanisms for reviewing projects once they begin. 
The most important is the quarterly review meeting, which takes place 
every three months and lasts about two days. At these meetings all students 
must give an oral presentation of them research results, followed by a 
critique by the industrial sponsor and an open discussion. Phese meetings 
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provide an excellent opportunity tor students to interact with che 
industruialmembers, both formally andintormally. In addition, we prepare 
an overall summary of the different rescarch propects and them recent 
progress. i should mention that about once a vear meetings are held at 
member companies, giving us the opportunity tor plant and lab tours 
These visits have been rewarding not only to the students. but to the 
mdustial PCPrescnlalives as Wwe i] 

In addition to industrial input and review through the quarterly 
meeting. one mdiidual from undustry acts as a student's primary contact 
on each particular propgect. This is the industrial representative who, in 
addition to making technical comments, mas help students obtain 
material on Rall) ACCOSS FO SOMME Pore’ 2 | equipment kor mont students, 
these contacts are invaluable. The industrial member otfers motuvation 
and encouragement to the student while monmtorne the direction and 
progress of the propyect. There are also various other meetings between 
facult. and students. and mectines with mdividual tirms in between the 
1 vularls scheduled reviews 

Phe overall program review a conducted through two vers ditterent 
mechanisms. The tistas the Industrial Advisor, Council, or LAC. which 
meets four times vearly to advise the program: director on policy matters. I 
ismade up of high level management people, with one representative trom 
each of the sponsormeg companies. Ino addition, a tull-tame student 
representative sits noon these meetngs. Phese councils till a top-level 
review tumetion analowous to that of a COOP PMOL ate board of directors. Dh 
members of the council actaschamprons tor the program within thei own 
companies: thes must pustity the program tee, and search tor wavs toapply 
the research results to them companies: operations 

losernve a completely diferent review function, several NSE-sponsored 
reports have been written in evaluation of the program. The most 
comprehensive of these, by Richard Kutta and Robert Land. was written 
after the programs first five vears. and as the source tor much of mo 
information here. 

One of the most tangible results of the Polyviner Processing Program ts 
hardware. Since we deal in processes and materials, often the tinal result of 
a projects aspecitic physical device. Phese devices or processes are ustialls 
protected by patents. Lodate, about seven patents have been awarded to us, 
and about nine are currently being processed. The patents we hold are tora 
fiber remtorced composite of high fracture toughness, an clectrostatie 
method for mixing particles, a mew, simpler and less expensive type of 
reaction imypection molding machine. an clectro-mechanical mixiig 
device, a viscous liquid mixing device, a rapid thermoplastic forming 
process, and a low shear work plastics melting device. There ts a special 
patent agreement between MEL and the industrial tinms. Briefly stated, 
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MIL holds the patents, but the industrial sponsors have a rovalty-tree, 
nomencbusive. urevocable license to use them. In addition, those who were 
sponsors at the time of invention recemne a percentage of the rovalues. 

Lhe program also results in ideas, ranging trom highly formal ideas 
embodied am theses and published artucles. to more informal ideas 
cmecleiney from discussions on ulsuccesstul CNPCTIMMe4nts. Some of our 
spomseors tell us that such ideas have helped shape thea own Laboratory 
planning. directing them toward some obpective or aways trom what has 
proven unsuccesstul Many sponsors have mentioned repeatedhy that thes 
benetit trom: the accessibility to other industrial personnel that the 
prowr am poraw ices 

binally. ano umportant output ot the program is its graduates. In the past, 
PhD. graduates generally wenton to academia pobs, and masters graduates 
toundustrial pobs about half goung to the member tins) But this trend 
scems to be changing: our two most recent Ph oD. graduates are entering 
midusty. and more PROD. candidates are mow indicating interest in 
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How Students Benefit From Cooperative Research 

That inmessence is the program: now, how do students benetit trom it: 
bust thes gain financial stabilin. Dhe students are aware thata program 
of this size allows both financial stabil and continuity in research 
projects. In othe NSE report Tomentioned earlier, students ranked this 
support as a primary reason for them anvolvement in the Polymer 
Processing Program. Financial stability continues to attract new students 
to the program 

Pothaps one of the most rewarding aspects of the program os the close 
mtoraction between students and industry. Phe students work with high- 
level management, ina proximity which would not otherwise occur until 
mans vears inte a career This exposure gives students insight: into 
management thinking, especially the necessity for management to pustits 
the costolt the program. Students also gain access to existing knowledge, 
equipment and materials moindustry; we have visited many industry 
centers to observe existing manulacturing operations and laboratories. In 
fact, since TP ohave been wath the program PT have visited tive different 
companies, some several times. Students benefit most from the industrial 
mmfterest in them projects, an interest which motivates them and gives 
students a sense of the importance of thea work. 

Students also are able to develop communication skills; along with the 
four regularly scheduled meetings cach vear, there are many opportunities 
lon students to present them research results orally. Phas as rewarding hot 
only to the students, but to the faculty and sponsors, who watch students 
HMNproOve over the course of the program, 
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Finally, some of the prime benetits of the program are the employment 
opportunities it provides. First, the industrial exposure that students eain 
makes them quite attractive to industry. Secondly, because of ther close 
contact with industry, students can evaluate companies while the 
companies are evaluating them. Many of our students receive job oilers 
from companies, which in itself is grautving, and acts to assure students 
that then career Choice is wise. 

I would sum up then by saying that a student's experience at the MIT- 
Industry Polymer Processing Program is shaped by three crucial Lactors: i 
Isa Cooperative venture, ois here at MET, and itis directed by Protesson 
Nam Suh. Atthis point, bwould like tocomment that Professor Suh creates 
a particularly emuching research and educational environment here at 
MIT. which provides students with a variety of proyects and exposure to 
many different academic discaplines. Phe enormous trust that Professor 
Suh shows in hos students encourages them to uy things thes might not 
otherwise attempt: this contidence and trust is essential, TP believe, to 
cooperative research and the innovation process. 


What Students Bring To Cooperative Research 

lhis important, P think, to recognize what students bring to Cooperative 
research. Some industrial people may think of Cooperative research as an 
altermmatve to other types of research efforts, for example. research 
conducted ino industrial laboratories or perhaps through consultants. 
Students are not consultants, although they learn quite a bit and are mor 
professional by the me they leave the program. First of all, students are 
cheaper than consultants. Much cheaper. Secondly, they bring to a project 
not the thorough nuts-and-bolts| Knowledge of the  expernenced 
professional, but a tresh, undogmatic, unbiased viewpoint. Most of our 
projects begin with problem definition and physical reasoning. There are 
no stupid questions, and no easy answers like “we always do it that way.” 
For example, in the case of a problem where the output rate and the heating 
rate are coupled functions ina single screw plasticating extruder, a student 
without a moment's hesitation will throw out the single screw plasticating 
extruder and try to mvent his or her own extruder. Industry protessionals 
might cainge when they find a hundred single screw plasticating extruders 
on the inventory list, but this is an example of the educational dynam 
that takes place between students and industry. A student's tresh and 
unbiased approach, when coupled with proper leadership, can bring torth 
new inventive solutions to problems. Because of such attitudes, [think 
students are particularly well-suited to high risk high gain projects 


Conflicts That Students Experience In The Cooperative Research 
Environment 

Phere are several areas in a Cooperative research program where 
academic interests and industrial interests conthiot. Students are often 
caught in the midst of these conthicts. For example, the student's desire to 
publish research results is often at odds with industry's desire tor 
contidenuialiny and lead ume advantage. This obstacle is trequently 
overcome by the natural delays associated with the publication ovcle. 
Clearly, however, some COTM POMLIESG between the two desires must be 
established and understood by the two parties. A second conflict occurs 
when a student needs to discuss his or her research ata yob interview prion 
10 filing fora patent. Phere is no simple solution to this problem, but this 
Situation by not umique to Cooperative research. ALD ot our students who 
work on patentable proyects are co-inventors, and consequently have a 
vested interest in the patent right issue, so they make it then business to 
understand the rules and tocomply with them. A third example is when a 
student may want to deal with proprietary material ina publication, 
which can cause difficulties tor industry. Again. this ts notancasy problem 
to solve. One possibility is to run dual experiments using a similar but 
nonpropretar material alternatively (and this os often) done) the 
proprietary material may be handled with a certain deliberate vagueness mn 
the publication. 

In closing T would like to say that from the student's point of view the 
Polyiner: Processing Program ots an enormous success. Phe program 
addresses many of the immediate needs and immediate issues of the 
students, provides financial support, supplies thesis material, and makes 
students attractive inv the yob market. To would speculate that what 
distinguishes the education received in the Polymer Processing Program 
from other types of education is that the student wall realize continuing 
rewards, especqally ino his or her ability to handle new problems ina 
creative and innovative fashion, 


Questions 


Richard Alben: A previous speaker rarsed the issue of academic freedom, 
and the problems that this type of program might bring mn that regard. Do 
vou think that this program fosters or hinders academic freedom: 


limothy G Gutowski: Tthink itis clear to all students that compromises, 
usually in the scheduling of a publication, have to be made. Other than 
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that there wo omot. as tar as Tam aware. any evidence that students tecl a 
preblem im this area 


Wilbur Meier: Wall vou contrast your experience with that of vour student 


colleagues working on government-sponsored research: 


Mir. Gutowski: Poan give vou one obvious dilicrence: TL see the students in 
our program getting many yob offers 


Mi. Meier: PT was thinking more of issues like the significance of vou 
research results and the academic quality of the program 


Mr. Gutowskie Well, T commented on the benetity mi the diversity of 
academic disciplines that students call upon to solve them problems. | 
think that there are various wavs to approach a research proyect. T have 
spoken about the way we approach problems here. and it happens to be 
new for me and very rewarding. Tam sure vou can give examples of very 
tine people who have tollowed different academic paths: Phappen to think 
that this as a rewarding one. Its worth ving, and at may lead toa slightly 
different onventation on the partot the student. Perhaps someone who stays 
none narrow academuc line mas end up by applying its principles vers 
well, but only an that narrow academic line. A person who ts aware of 
different possible solutions and different disciplines mas call upon these, 
and be more inventive ms ing problems. 


Speaker not identified: T per ecive by your answer that vou comsider your 
background to be much broeder than at would have been had vou worked 
within a more conventions research program 


Mir. Gutowski: Well, T guess I would have to experience the conventional 


program to answer that -- but ves, Pdo think my background is broader 


Polymer processing ts not, at least right now, an academic discipline: our 
laboratory as not like a thud mechanics Laboratory, or a heat transtes 
laboratory, or an acoustics laboratory. One of the first things that surprised 
and bewildered me when LT first came to the Laboratory were all of the 
different discaplines that were called upon to solve problems. 


Manin Goldberger: Does what happens ino the Polymer Processing 
Program constitute something which os greater than the sum of the parts 
that go into Ww? Or, to restate the question, would those people now 
involved in this program be carving out more or less the same research 
acuvities had you not put the mantle of “program” over thems: T want to 
leave aside the question that this may be a very effective way to channel 
funds. Is there really a synergistic effect in bringing this group together: 


Mr. Gutowski: [can answer the question trom the student's point of view. 
Tthink there isa SVNETSIStic ellect. Lam not aware of the subtle difference to 
which vou allude: if we took away the program, would my experience 
differ? }don tknow. Certain window dressings could be rearranged and the 
experience would be equally rewarding. 


Di. Goldberger: Let me uy to clarify the question: Tam not uving to be 
subtle. There ts a group of faculty Canying out certain kinds of research in 
this area, who have been put together in what is called the Polymer 
Processing Program. Is the product of that research significantly different 
from what that same group of Laculty would have produced had they not 
called themselves a program? 


Nam P. Suh: T would like to respond to this question. 

The reasons we started the Polymer Processing Program ought tirst to be 
looked at. Polymer processing ts an area that E did mot specialize in -- Tdad 
not get my doctorate in that area, and on tact, [did not take a single Course 
in the subject when Twas at the university. When Tcame to MET. Lrealized 
that we spent an awtul lot of time teaching our students about metal 
processing, and the Lact that we process more plastics than metal did not 
make any difference in the way we taught. So we wanted to balance that. 
We said, we have got to teach our students polymer enginecring versus 
polymer science. The question was, how do vou do that? 

Secondly, when T came back to MIT atter beme away tor ten vears, I 
realized that we were doing a pretty poor job of teaching the creative 
aspects ot engineering. How do vou teach students how to svothesize 
things: We tuned to address these questions, and T thought the best way to 
do wt was to have mndusuial input. A vear Later, the NSF came by with thos 
expernnental R & D incentives program, and we got started, 

As bar as questions concerning the quality of thesis and research work, let 
me give vou some examples of what we go through. We tackle all sorts of 
problems. For example, one of our member companies, TL, came tous and 
said, “We use an awful lot of plastics in our blood gas analysis. Blood goes 
through these instruments and messes them up, and we have toclean them. 
What can vou do about 1? Lassrened the subyect to the students. None of 
us on the staff had any priot experience on this. We looked at the literature 
on the subject, and tound that no one really knew what they were talking 
about. The question was, if vou have a blood plasma, why do those protemn 
molecules approach the surface? We talked about Brownian motion, and 
we looked at all of the surface tension aspects, and so forth. I vou put the 
relevant data together, the published opinions and published results are 
not really consistent with what we know about what is happenime. So out 
students started scratching then heads and | scratched mine, and we came 
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out with a bin port hac sis. Tt was based on the diffusion of prrcolannts GDntae threw 
plastics and solids which tend to create charge umbalance within the thaid. 
whichin turn attracts proteins to the surface. Based on this hypothesis, we 
prodiated that materials with a high cohesive energy density would be 
those wath the least amount of absorption on the surface. Our experiments 
proved this to be accurate. which opened up a whole can of worms 

Paking on a problem Ike that and asking the rational questions are alll 
want our students to do: ask mutelligent CPUICSTLONs and see what the 
comclusions are. Pthink the quality of our theses os vers high. Ldo mot carn 
how mans fields sou work on -- on fact. Pwork on mans different areas: ms 
only rule as that mo matter which area vou want to get into, vou have to be 
as good as the top man oun that business. Otherwise, do not go mite it 

lhe argument that we are on mans different trelds and therefore oun 
quality of work should be anterior to others doesnt make sense at an 
mstitution Tike MEL. In our doctoral examunatoon. the master’s thesis 
catnies twenty pomts out of LOO] We evaluate the masters theses vers 
carefully. Tt turns out Gand mans of my students may not know this) that 
most olf our students entering the Polymer Processing Program score 
dlinost the tall twonts. Dhese exams are not given by me. but by mans 
haculty members. It says something about the quality of our theses 

Qu publication record avers good. Our students have avery long list of 
publications. as well as patents. before thes leave. As tar as the issuc of 
academe treedom. vou have to look at what we do here m terms of the ui nals 
of the gostitutnom. Th owe sav that the osttutional goals of MPT cane 
education, rescarch and service to the public, we have to see whether or mot 


anv one ol these ps compromised in ans way, or whether we are enhancing 


them. Tsaxs we are enhancing them. And therefore. Tsay there ts acaden1 
heedom within our program. We do agree todelay our publications tor six 
months -- but wouldn'tvoudo thatit there was 4 patent tocome out im youl 
name. and vou wanted to protect vout rights: [tas mot really a major 
COTEDP OD COTTE St 

Instead of talking about the nativ-aritn, Pthonk we have to look at whit 
out voals are, and how we are woe tii wet al them 
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Factors Affecting Research and 
Development Performance 


Professor Edward B. Roberts 
Sloan School of Management, MIT 


Fifteen years of research on corporate technologwal imnovation indicates that 
effective staffing, structure and strategy are the elements of successful R & D. Strattineg 
must insure that five cnitial functions are fulfilled. generating ideas, entrepreneuring 
ore hampioning, project manaLine, gatekeeping. and SPONSOTING Or Coat hine. 
“Gatekeeping” refers to facilitating technwal information flow and market and 
manufactiaing inputs. Structure must both assure proper data flow into R > Dand 
channel research results to marketing and manufacturing downstream. Users who 
generate innovations can skip over some innovation process stages, and the use of these 
imnovations may necessitate structural adaptations in the R & D> performing 
organization. Strategic planning methods must be used in the techniwal areas of the 
corporation, as well as in finance and marketing. Competitive technical analyses area 
starting point for technology planning: corporations need to experiment with 


technology measurement and forecasting as well. 


I would like to begin with a story about effective management of research 
and development. 

The new vice president of R & D came into his job on the first day, 2nd 
bid his predecessor a fond farewell. As the predecessor was going out the 
door, the new head of R & D said, “Oh, if you have a minute, I would like to 
learn from you all there is to know about managing this organization 
ellectively.” The predecessor said, “Well, I have given careful thought to 
this and in your bottom right-hand drawer you will find three envelopes 
that I've prepared tor you. But do not go to these envelopes until you really 
are in trouble.” The new head of R & D thanked him very much and went 
on about his job. Well, six months into the job he was really having 
problems. The place was a mess and there were great difficulties in 
running the organization. He did not know what to do. Then he 
remembered the envelopes. He pulled open the bottom drawer, ripped 
open the top envelope, pulled out the slip, and it said, “Blame your 
predecessor.”” He thought, “Oh, what an amazing suggestion. It is not 
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really ethical but my prede« essol suggested it. sowhy not” And he went 
around bad-mouthing his predecessor and indicating that evervthing 
going wrong was the fault of the former head of R & D. And sure enough. 
evervthing quicted down and things were back in order. But six months 
later, he had crises. He had problems. Uhere were great difficulties. He was 
ving to figure out what to do when he remembered the envelopes. He 
pulled out the second envelope. ripped it open, and the slip said, 
“Reorganvve!” He said, “Reorganiver Well. that is a very creative 
suggcsuion.” And in the process of reorgamiving, he created so much 
turmoil and contusion that evervbody forgot the original problems. and 
things settled down. Well, another vear went by and evervthing was Ok 
Phen once again he was really in trouble and trving to figure out what to 
do, when he remembered the envelopes. He pulled out the bottom drawer, 
ripped open the last envelope, pulled out the slip. and it said, “Prepare 
three envelopes.” 

Phat is one way to handle R & Dimanagement, but I would like to offer a 
different story line. This line as also simple. because it says that vour only 
concerns in R&D management are issues of stalling, structure, strates 
and systems. There are a few items under each of these headings that, as 
research studies carried out at MET and elsewhere over the past fifteen vears 
midicate, are the kevs to. effective management of research and 
development. My topics are tor the most part well-documented, and Tam 
sure many are famuliar with the articles and studies relating to this subject 
that have come out of the MET Technology Management Group over the 
past several vears. 

Dhere are several kev issues that influence successtul R & Do The tirst is 
eltective stalling. Two, the structure of the R & D organization must be 
carefully considered. Three, there is a need tor concern with the stratees 
and planning of R & Do which momy opinion is the principal area ot 
delicreencs in R & D management. Finally. there are svstems that can be 
developed and adopted to support the above three areas. 

Letus first talk about staffing. Several vears ago, I began looking at the 
research of a number of my academic colleagues at the Sloan School, and 
looking also atkey people in R & D organizations. Fora while boone huded 
that the wonders of modern statistics enabled any researcher to prove has on 
her port and to develop a publishable article, because it seemed that each 
of us had tound the one kes individual in research and development. Thad 
focused my research on entrepreneurs, and there i no question that 1 
demonstrated that the entrepreneur was the sere qua non ob innovation. 
My colleague Tom Allen concentrated on the technological gatekeeper, 
and proved without a shadow of a doubt that this was the person who made 
the difference between ettective and inetlective R & Dorganizations. Other 
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people had them own kev candidates: the creative scientist who came up 
with ideas, or the program manager who pulled tt all together. We found 
another central person when we looked at industrial attempts to generate 
new business -- the sponsor. Phe sponsor is the senior person high in the 
organization who, like the ‘godfather, affects the carcers, the lives and the 
effectiveness of Creative young entrepreneurs and program managers. 

Well, all of these different people are intnguing when considered 
separately, but thes had to fit together somehow. As we continued to look 
at the process of innovauon from the viewpoint of staffing Considerations, 
it appeared that we had something significant. There was indeed strong 
empirical pustification to argue that five categorical kev roles had to be 
fulfilled in anv technical program in order tor that program to advance 
meaningfully from initial conceptualization to commercializauon o1 
implementation. First, creative idea-generators were mdeed necessary: 
people who came up with new points of view not just occasionally, buton 
a fanly regular basis. But besides those who uutiated ideas, there had to be 
people to take those ideas and run with them, people to carry the ball 
forward in the organization against the non-riskonented Opposition and 
the barners to change that exist in almost every organization. Along with 
the idea-generator, someone who was entrepreneurial in character was 
essential 

In looking atthe MIT taculty in three departments -- physics, electrical 
engineering and mechanical engineering -- we were able. with good 
research results, to demonstrate the significant difference between faculty 
idea-creators and taculty idea-exploiters. We could demonstrate the 
characteristics of someone who would come up with an idea, and those of 
someone who would not only have the idea but move it forward into use. 
(nadentally, in reference to industry-university Cooperation, we also 
found thatthe principal Channels for exploitation of MET -based ideas were 
long-term consulting relationships with industrial organizations. These 
were lar more etlective in getting research results and faculty ideas used 
than were individual faculty entrepreneurship, new company formation 
or the other things for which MIT also has justified tame.) 

fom Allen researched the technical gatekeeper, the person who accounts 
fora disproportionate share of technical communications from the outside 
world to the inside world. This role is key because most R & Dis canned out 
elsewhere, not within the organization. Companies or universities that 
sulfer from the “not invented here” syndrome are not using the vast world 
of technical knowledge in thei own research and development programs. 
The gatekeeper who tres that outside world of technical Knowledge and 
advance to the inside technical programs ts a critical individual. 

Our studies of effective industrial innovation demonstrated that it took 
more than pusta technical gatekeeper; two others were required, whom we 
called the market gatekeeper and the manutacturing gatekeeper. The 
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market gatekeeper is also an unusual communicator who transmits a 
disproportionate share of the messages into the R & D organization, but the 
content of his messages is different. He is not talking about advances in 
technical Knowledge but about the needs of Customers, behavior of 
customers, behavior of competitors, actions of regulatory agencies and 
organizations. These market-relevant issues must be considered if the 
technical organizanion will generate R & D results effectively. Uhe third 
gatekeeper, the manulacturing gatekeeper, ts essential in seeing that what 
comes outot Ro& Dos not merely laboratory sound devices, but indeed 
could be manutactured ino high volume by workers using available 
materials. Dhe manutacturing gatekeeper prevents the R & D trom being 
handled exclusively by PhoDoOs in the laboratory on an experimental 
procedural basis. He on she bridges the harsh manufacturing production 
environment and the design and development aspects of R & D 

Beyond this, we found in many organizations clear shortages of people 
capable of Carrying out program management responsibilities. Indeed, in 
many research Laboratories, as opposed to development organizations, the 
concept ol program manager is absent even today. You can tind, even in 
mdustry, people who identity themselves as principal investigators and 
not as project managers of research propects. When vou ask. “Who's job is 
itocoordinate the contibutions of many people: To worry about advance 
lead times on materials: Lo transter responsibilities from R & D out to the 
divisions: . the principal investigator may vers often reply, “Well, Lam 
Pheot Cpulite sure I thank the boss takes care of that” We found that the skills 
necessary to coordinate, mtegrate and subord nate. to enthuse, motivate, 
SLUPHCTN Ese and direct technical work -- those abilities inherent in the 
provtam manager -- arecntical functions of an R& Dorganization. The 
are not necessarily camied out well by people who are best at the othe 
lumections we adentitied 

Finally, we identified the role of the sponsor or the coach, the sensor 
person who has been through the mili and is ina position mot necessarily 
to commit resources. but to influence resource shitt and direction. The 
sponsor can encourage punior people in the ideas they pursue, and can 
encourage his colleague, the boss, to devote attention, time and resources to 
these punion prec opole Lhe senior peTSsan knows how to write a research 
proposal that will get funded rather than tiled. This sponsor or coach ts 
critical, and the roleas best tilled by the organization's senior management, 
ih qualitied 

Dhese five categorical roles should be represented meanimetully in the 
staff of the R& Dorganization. Ttis not necessary that all be employees of 
R&D. Some may well be marketing people who are tightly linked to R & 
Doin aclose relationship that allows the functions to be fulfilled within the 
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climate and program of technical activity. Tt ois amazing how many 
organizations have not considered these roles when thinking about job 
descriptions, recruitment, measurement and control of people, reward 
systems, promotion or job and personnel development. These roles are 
hequenthy absent vet, in our view, are critical to effective R & D. 

One tinal comment about R & D statis. In the studies we conducted (and 
we looked at probably 10,000 technical people) we generally found that 
seventy tocighty percent of the people in the technical organization tilled 
none of these primary roles. They are instead principally what we call 
routine techmical problem-solvers. What vou have in the critical roles ts a 
smnall minority of key people, twenty or thirty percent of the people in the 
technical organization who perform these key activities on a regular basis. 
Phe vest of the staff, the bulk of them, are not involved in any of these 
activities, nor do they want to be. When we asked engineers and scientists 
mn questionnaime studies to describe then career development plans, thes 
detined then future careers in the same terms as them present careers. Thes 
would like to continue to do routine, but of Course challenging, technical 
problem solving. Dhese seventy tocighty percent don twant to generate on 
push mew ideas: they dont want to get myvolved ino any special 
communication links or roles: they certainly do not want much 
management responsibility, and they don't worry about traming o1 
encouraging others. They pust want to do them own thing. Now, Lregard 
that asa problem, particularly because the overall management systems on 
organizations tend to be geared to support the sixty to seventy percent 
PevLaTaDbe: pM ope as opposed tothe twenty to thirty percent who are Unique 

Phe sccond dimension of an R & D organization, its structure, involves 
stalling as acontral issue. An organizational structure must permit people 
to work welland effectively. To toster an effective technical operation, this 
structure must include a number of kev elements. First, thas to provide ton 
the gatekeeping mentioned above. You can build organizational 
structures that stifle gatekeeping and shut off torms of Communication, 
through poor physical setup, for example, or by faulty personne! 
relationships. Jack Morton, the late vice president of semiconductor 
research at Bell Labs, wrote avery interesting book called Organization for 
Innovation. Tniait he discusses Bell Laboratory's two boundary theories of 
mnmovation, the notions of the organizational barrier and the physical 
barrier. THovou physically separate technical people by some reasonable 
distance (and my colleague Tom Allen indicates that the distance is about 
one hundred feet or less) vou will significantly suppress the likelrhood of 
communication between those people. Morton went on to say that it in 
addition you organizationally separate those people, vou Create another 
barrier Ht they report to two different vice presidents, for example, no 
organizational mocentive for communication and mtegration CNISIS. 
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Morton's bottom line was: if vou want to make sure that two groups of 
proople hiave nothing todowith each other, set up both thre polis sical and the 
oeanizational barriers. He discussed the svstem of structuring at Western 
blecton and Bell Labs. which allows tor only one of the barriers. but not 
both. bathers hoops poopie poli sically lowe ther but omeaniationalls distant, 
io vou want them to interact while protecting then differences, or situate 
them together orgamizanionally but separate physically, so that then 
independence is mamtamed but organizational tics and meentives exist ton 
om castonal communi ation and shared work. Dhe absence of both barners, 
however os counterproductive. Th people both report to the same 
omeganivation and work mtimately together. there isa ver good likelihood 
that research will gradually get killed and shitted into development. The 
pressures are always towards the short-term activity. But at either the 
phvsial or the organizational barter i mamtamed, was vers likely that 
research will follow ats own course: a wall do ius own thing mn teolation 
from development and trom the organization s commercial needs. [tts 
necessary to create structures that wall permit and encourage 
COMMUNICATION processes across the line 

In paaticuhar. close organizational ties are needed between the 
matketing sales aspects of the organization and its technical aspects. Sonne 
people inondustry have. DP believe. improperly unterpreted “Close tres to 
mean domimation of RX& Dbyv marketing. We tind a number of situations 
moandustual organizations where budgets tor research and development 
weoset by marketing-based programs, or by product managers in the 
marketing division who determine the content of work that shall be canned 
out within the Ro o& D organization. This is an inappropriate 
oganivatonal structure, which puts the responsibility, for essentialls 
te«hniaal decisions oun the hands of prccopole who canmmot tave the 
appropriate technical information to make those decisions. Even so. Tsull 
call tor close tres between Ro & D and marketing. There must be a 
collaboranve undertaking to determine legitimate market needs as well as 
meaningtul technical possibilities and opportunities. Phos collaboration 
might be some Kind of pount undertaking between the organizations, rather 
than one beng wholly midependent of the other or subordinate to the 
other, Organizational structure can provide incentives, Com mUnTCatON 
and jinkages. This is certainly possible in venture situations which 
naturally bring people together from marketing and technology. butitcan 
also be carnmed out across the board in R & D 

Phe special user role ino industial goods innovation should be 
comsidered trom a structural viewpoint. My colleague brie von Hippel has 
been studving the extent to which users are sources of innovation. mot pust 
identiliers of needs which someone else then meets, but sources of 
mmovation mself. Von Hippel started with a biased sample: he examined 
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flour mayor fields of screntulic mstrumentation. He demonstrated that 
aight) to one hundred percent: of the innovation im screntutic 
insumentation had been generated, implemented and brought to the 
point of use by users. not by producers of instrumentation. Phe production 
of instrumentation followed, rather than led. us full uulization by the 
screntific Community isell. Recognizing the possible bras in the area of his 
cathy research, von Hippel went on and studied clectronic subassembly 
manulactuing equipment. And he found the same phenomenon: erghty 
tooone hundred percent of the mnovations in that field were developed by 
users, not by equipment manufacturers. Once the users developed the 
equipment, implemented i, and began to benetit trom it, thes frequently 
approached the manutacturer for multiple replications of thei design. 
Frequenth. manutacturers went ito business with licenses from iitial 
users who had tirst developed the equipment. 

Von Hippel has been tollowing up thos studs ina number of other areas. 
Heas able to show nota uniform pattem of user-inacvatiion throughout, 
but rather thatthe role of the user as mummovator ts lar more significant than 
had been previoush accounted tor Let me give vou an example: iis an 
example of rndustry-university Cooperation, although there was no tommal 
agreement tor the cooperation. TBM Es marketing organization set up 
throughout the US. a number of small organizations called Applied 
Science Centers. (Notice that the marketing organization setup applied 
wience centers.) One such center, the Cambridge Apphed Scrence Center, 
was in Technolog, Square about 100 vards behind the computer building 
aUMIL. Iedeliberately hada stathot mo more than twenty people, whose pob 
was to mmonttor and interact with imovative sources of Change in areas of 
computer hardware and software. While IBM had a mayor in-house propect 
to develop ats tirst commercial time-sharing language, the Cambridge 
Applied Scrence Center, working with MIE ’s proyect MAC, developed its 
own version of project MAC’s time-snaiinc Linguage, moved at back 
throeeh marketing channels and out tothe field tor PEM) s first commercial 
sales of a time-sharing language. This was two vears belore the 
“Tegrtimate in-house progect was ready to release its Commercial item to 
the marketplace. Here as an example of an organizational structure that 
recognized the special user role in coming up with mnovation. In this 
particular case, the university user role was the source for advanced 
technolowimal change that moved through marketing channels back to the 
fom and out to the marketplace agam in higher volume. There are many 
other examples like at. which suggest the potential of such creative 
organizational structures. 
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\ fourth point TP would make about organizanonal structure is that 
should be set up to enhance the likeluhood of bringing inte the tim 
external sources of tec hnologs that are not just user-based. burt CCOPDEp CTE TOn 
based LT heete rs tar loorestrictive an attitude inthe US about bringing on 
board othe poople S Ten hnologws an attitude much less pore valentin other 
counties. In particular we have seen the wondertul postwar success of 
Japanese technological unnovation, which is based vers heavily on the 
unportotextomnal technologs. technology adopted to provide a high-level 
base for technological advance and then built upon by good quality in- 
house rescarch and development work. US. tinms resistance to bringing i 
external sources of technoloes denies available technologws to mans tums 
whi could Denne tat sivriitie ants fran at lf we could vel rid of the non 
mventive attitude here that clarms, “Since we haven t dome at, woismt am 
good, oo Tt we haven't dome ml we must remvent i m-hotuse then 
external sources of technology Could provide a significant supplement to 
in-house R&D 

Finally. Pwould recommend that special Kinds of organizations be setup 
- thanste wroups, task Lorces venture teams whose mission is the transier 
of results, and whose principal consideration is not the creation of thi 
R&D. but the movement of R & Dito commercial transter and utilization 
\gain, mans R & D organizations which are effective developers do nor 
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ellectively re ap the benetits of them deve lcopornae mo They do not succece 
moving the work outsic 

Phe thand area TD wall discuss brietly is the area of stratees. In looking ata 
lage number of R& D organizations over twenty vears of involvement in 
research and development, T believe without tail that Ro& Dos great 
managerial hack asim strategie development. Ver few research and 
development organizations have strategies. They have people. programs 
and knowledge, but they do mot have strategies. They lack explicit goals 
and prortes, R&D people seldom caretully think through a system ot 
planning that willmove thea organization torward technologically. Now 
your corporations would be ina lot of trouble af this were true on the 
marketing and tinancial side, but we allow atu technolownally-based 
fions. We keep muddling our way through, and T guess this is possible as 
long as the compention behaves in the same awkward way. But when a key 
COM pPCilOD starts to deve low a sienitiant and Lites ted tee hnolows based 
strategy. TP think a lot of Competitive changes will take place wathin the 
dustry 

Twill outhne here a number of steps to be taken to lay a base tor R&D 
strategic planning 

1 Identity ino technological terms the ciitical performance 
dimensions of vour product line. How do vou measure quality 
performance in-a product’ What does quality mean: Usability: 
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Reliability: Operaung cost? Acquisition cost? Servicecability: 
Adaptability? Contormity with othe: product lines: What measures 
the performance Characterisucs of vour product line: 

2. Having identified these. assess the competitive profile of 
competitors: product lines along the same dimensions. Where do vou 
stand? Where will vou stand, relatuve to technological development 
and competition, in the next generation of products: Are vou moving 
ahead of Competition or falling behind? These technological 
measurements can evaluate vour technical program’s adequacy, as 
reflected in your product line relative to your Competition’s. 

%. Estumate market demand tor your product -- not only in terms of 
numbers, as the market research people always tell vou, but in terms 
of market sensitivity to technological dimensions. Whatis important 
about your product liner Is energs comsumption today a key 
characterisuc, ina was that was mot so tive vears agwor Is size a kes 
isucr Ty compatibility, a kev issuer These questions call tor 
marketing people and technical pun pole to work closely towethre tle 
some extent, vou need to wor about forecasting technologie al 
change, particularly competitors devclopments. Engineering and 
marketing people must pool them resources to track technological 
developments 

1 kxamine vour organization's capability. What is that 
capabilitnns What can vou dor Select strategies and develop the 
oganvational plans to unplement them. Very few organizations, 
ux luding the Largest, svstematically develop technology strategies on 
the resulting technological plans. T think this is a great mistake 
Atte: worrying about stalling, structure and strategy. vou should worry 

about implementing some system of strategic planning and control that 
will keep the information tlowing amd up to date. Furst, develop 
competitors: profiles. You should be able to open a tile drawer of any mayor 
product line, pull out a tile and say, “Here are the key performance 
dimensions of our product line, and this is how we stack up against 
competition. Here is what we have underway to alter that assessment.” 
Frequentl) when Task. “Do vou do competitive assessments: TP get 
pointed to the guy in the corner of the lab. “THe ts our experton competitor 
AO’ Why? “Because he worked there ten veats ago” And when Task him, 
“Where os your data bases What decisions are \ou making from ite, these 
things are often lacking. 
Lo develop an effective strategic planning and control system: 

1. Develop competitors’ profiles. 

2. Produce marketing forecasts of sensitivity to technical change 
lor sour principal areas of concern, 
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%. Carry out analyses of the stalime and the climate withim vou 
organization tor performance of the critical roles T described above 
1 Implement a propect svmopsis system which massages data on 
.oul present mnvestments to extract implications trom them. Such a 
svstem can tell vou mot pust the current status of propects, but what 
thes represent in commutments to the future. om thea impact two 
tears, tive sears. ten sears trom now. What do present propects 
mda ate about the techoologs mux being unvested une These ssvnopses 
give sou a system for managing the R-& D projects. which ps very 
ditftemt tom PERT and projyect control on an mdividual project 
9 Fanally. some kev propect monitormeg is necessary, targeted not 
to the propat manager, but to senion executives within the 
oganvation. There are some propects which the CEO should 
monitor Rey propect monntonne wall identity the critical propects 
that make the difference between organvatronal success and tanure. 
where the double-odged sword of high-level senior management 
INVOLVCMIOTNE ES appropriate 
Dhese are the hands of Comsideratons T belreve ane necessary to ethective 
RX D management. Cotcal statling -- getting kev people along with 
creative scremtists -- oc essential Organvatonal structure that wall assure 
both anputs from the technolo. marketplace, users and external sources, 
and outputs inthe transter of results downstream to the users, is vers 
mnporit. Fanally. vou need an approach to strategy and a strates 
development, which organizations tend to Lack. and wath ot. the svstems 
that make vou strates operational 
Ht vou have dome all of this. Tam sare vou wall mot need that thod 
erive lon : 


Questions 


Steward Flaschen: Dio Roberts. in your presentation vou brrethy 
mentioned manulactunne. Inia factory. the manulacturmg oF operations 
manager is olten found to be the greatest barren to new product 
MnOvtOn. or the am plementation of new equipment and new processes 
Heas held responsible by management tor producme anumber of units per 
how. por day or perweek. Pe must get the product out the door by a certian 
date and atacentain cost, “no matter what.” Hers wenerally acomservative 
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person, and normally very reluctant to mntroduce changes -- things that he 


did not develop, and certamls things that he docs not understand. What 
did vou research show about how ome motuvates and reaches the 
manulatuing manager when one is tnving to mnovate with a step- 
flumtion amprovement on the plant thoor 


Fdwarnd B. Roberts: There are two things that | would suggest. One, vou 
should have begun wor ving about the characteristics of  vour 
manuleatuing personnel a number of sears ago. I do mot say that 
lacetiousty: TP think that ato ver important that there be a thow unto 
manulactunme of techoically gamed people coming out ol engineering in 
particular. Tf vou develop systems of rotation tor lonward movement inte 
manuletunne, voumas well over a persod of ime begin tochange at least 
the climate of Knowledge and awareness. You will not necessarily eradicate 
the hesitatvon and conservatism, because i vou take a good R & Deus and 
make hom manulacturme manager. he wall soon) become pust as 
comservative as his predecessor But vou wall change the Knowledge base 

Having sand that. the one thiag that we found voucandoin the short run 
somitiate the transfer on the opposite direction. At some point mn time 
appropriately in ads ance. orwhen propects are reads for movement, people 
from manulactunng ought to be moved out of manulacturing into R&D 
hes ought to become part of the developmental group that rs working on 
problem solving. Manulacturimg people should in tact take a key role in at 
least the final stages -- and by tinal Lomas mean the last third to Last hall of 
the progect -- so that thes can teel that then pounts of view are represented, 
and thatthe unfommation about ther difficultensionment was transterred 
tothe theoretically onsvented R& Deuys. When the propect is ready to move, 
the first candidate that } would consider to do the moving. without 
Knowing anvihing about the organization, i the person trom 
manulactuiing who carler had been transterred into the development 
group. Ho that person comes back to manufacturing with “bis propect.” 
there tsa vers different Kand of ownership and a very difles nt acceptance 
and willingness to trust. When implementing that kind of transter 
downstream, TP would also accompany it with supporting stall trom the rest 
ol the R& D organization. 

H anvihing, there ought to be overkill staffing at the pout of transter, 
and vet Dhave tound mans organizations which sav they cannot afford it. 
But af vou look at thea track records in effectiveness, itis clear that thes 
cannot allornd NOT to dow. The teritic proyect and the wondertul 
techmical discovery are lost) because thes are not implemented 
appropriately, vet when vou say vou need a key R&D guy tor three months 
no the manulactunng organization to be sure of success, the answer rs, 
“Oh, no. we cannot attord to spare such key people” But this transter ts the 
hind of thing we tound to be most effective. 
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Iwo months ago im an isuc of Research Management 


desauibed is. imoims opinion, the most effective. bar nome 
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1 beleve that the chief executive officer's role should be a lot morn 
dynam and a lot more involved than itis in most companies in the United 
States. Alone with examining managements role, T want to discuss the 
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basi purpose of the corporation, for To think that aif we clarity a 
corporation's function in society, it may stimulate some of our corporate 
officers and corporate heads to think diiferently about the mnovation 
process. Dhis. in turn, may influence the selection of corporate officers; we 
need a somewhat different breed of management than that which we have 
had in the past. 

feoas difficult for some in our society to accept the fact that a vers 
necessary aspect of our Corporate life is the making of prolit, and that an 
essential aspect of government operation is fiscal responsibility. Itis even 
more difficult, however, for many executives to understand that, in both 
our domestic cconomy and in our national and international situation, 
innovation and not solely the making and managing of money mav be the 
primary and most immediate challenge before our Corporate and 
government instituuions Amencai today will. | believe. retain tts 
industial, economic and military preeminence only by an appreciation 
throughout society of the importance of the R & D process and its results: 
technological innovation and its: entrepreneurial application. Thais 
process, regardless of how iis conducted, is the primar means through 
which America and the West have achieved and maintained then 
dominant world position both economically and militarily. Much of ous 
corporate and government leadership does not understand and has never 
been directh) involved in the process of technological innovation. This 
may be the “Achilles heel” that will yeopardize the tuture economic grow th 
and indeed the national survival of this country. 

Many people have trouble facing the fact that science and technologs 
not government manipulavion and fiscal and cconomac action -- are 
probably the most powerful forces tor change in the world today. That a 
particular change may be valued as good or bad, moral or immoral, does 
not alter this basic fact. 

Unfortunately, much of the world leadership, both corporate and 
governmental, does not recognize the past 150 vears as a period in which 
the human race for the first time in history could hope that tomorrow 
might be better than today. Such hope is largely a result of the wealth- 
creating capabilities of the industrial revolution. Science and technology 
have become the primary architects of the human condition, change and 
history, but we are sull writing history books as though worn philosophies 
are the prime movers in society, When people began to walk into the 
laboratories in greater and greater numbers, mankind began a rapid climb 
out of a world of hopelessness and discouragement. It was then that the 
idea that “tomorrow might be better than today” began to be a reality. 
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Most of world’s technological Capability is not being utilized etfectivels 
to alleviate the world’s economic problems and suffering. [hear so many 


corporate heads of basic research or heads of R& Dcomplain that they have 


achieved breakthroughs in product or process possibilities that might 
repuvenate the industry or the company. but the lack of insight on the part 


of the top management or the chici executive officer regarding these 


breakthroughs and the lack of entrepreneurial interest or ability 
throughout the entre organization prevents further utilization. About ten 
sears ago. Twas talking with the director of research at one of the mayor 
stecl Companies in the United States. This parucular vice president ton 
research said, “Ino my laboratory we have achieved breakthroughs that 
could remake both the process and product profile of this corporation. My 


marketing managers idea of a breakthrough is a new process tor the 


factory which, if introduced, can help him undersell his competition by 


twenty or twenty-five percent. He does not really want anew product. The 


production manager's idea of a breakthrough is anew product that he can 
produce with existing equipment. He does not really give a damn about 


what itis as long as he doesn't have to change the plant. The executive 
continued, “You know, Pdo not objec tto these attitudes on the part of these 


people. But then we all walk into the president's office and the president 
looks atthe three of us and says. “When vou guys can agree, Come back in 
Dhis unfortunate atitude characterizes our Company.” 

Much has been written about the current relative position of American 
research productivity and technological strength. Some authors have 
contended that our research posture has never been better. Others sav that 
the paucity of research investment over the last four, five, ten vears spells 
future military and economic disaster tor both our country and ou 
corporations. T do not intend to engage here ina discussion of the quality 
or magnitude of our research. To oam far more concerned with the 
cavironment in which the total imnovation process must take place: the 
process of moving an idea from invention R & D. through the product 
reality, through the entrepreneurial stage ino the market, and into an 
ongome reality as a business. 

bneland, for example, has over the vears displaved the highest quality of 
research capability (and development) in the jet engines, antibiotics and 
polymere materials industies. But the governmental, Corporate and 
social structures of Britaincertaindy have not been conducive to optimizing 
these innovations for the real benefit of the Country. 

Since 1945 we have witnessed some rather dramati changes i the 
attitudes of the American government, the conporations and the American 
public toward research and development. Government and industry 
appropriated huge amounts of moneys for basic rescarch. Large segments of 
the government administration and corporate management then sat back 
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and waited for research to display its magic power. Phese passive observers 
were frequently disappointed, particularly those in our Corporations. 

Wwe then saw mi the late 1950's another significant development. 
Research and development must, many managements claimed, be 
channeled by the state and by the evident wants and needs of the 
marketplace. Dhe marketing executives gamed unprecedented power ovel 
the selection of R&D projects, and genuine new product mnovation was 
rarely the result. Product modification or improvement was the standard 
achievement. The words of Cyril Smuath, who was Institute Professor at 
MIL. must be heeded: “History shows thattechnology ormgmated far more 
often im curiosity. and aesthetic urges than in) percernved usefulness. 
Necessity is not the mother of invention -- only of improvement.” 

Phe cconomuic recession of the carly P9605 witnessed the placement in 
general management of individuals whose background and training were 
primary i finance. Expenses had to be cut, and all too often the relatively 
har-out research was the fist casualiy. What made the situation ridiculous 
is that baste research is quite cheap considering the high pay-out it vields 
when the research oa really supported and programmed by competent 
COnpOrate CNCCUIIVG leak rshiip. 

Wha have all of these fads. if vou wall, imposed themselves on out 
corporations since 1955 Quite accidently in 1951, Thad the pleasure of 
siting next to Tiving Lanemuir, then the Dean of American Scientists. He 
said something which Phave never forgotten: * Phe most formidable threat 
to research and innovation in this county is the growing number of 
executives and politicians making decisions affecting research policy and 
expenditure, whose thaining and expernence do not permit them = to 
understand what aitas all about.” Need we say mores 

Cant Pratton, ftonmer Dean of Case Institute of Lechnologsy and later 
Chict Rescarch Executive Officer of one of America’s largest Comporations, 
said, Po realize ultimate potential from research, Comprehension and 
achive participation: by top corporate management are required. General 
and executive management has a greater responsibility tor the overall end 
result, successful cconomic prosecution and marketplace success. than 
does a research manager of the organization. In a modern era of rapidly 
changing technology, the ability to program research and technology 
eHlectively is) becoming an absolute requirement in the selection” of 
corporate general management.” The individuals who guided the growth 
of industries like DuPont. Texas Instruments, Hewlett-Packard, IBM, 
Polaroid, and SM understood this principle very clearly. Such institutions 
have been growine at three times the rate of them low-technologs 
counterparts, producing new employment almost ten times as rapidly, 
improving productivity at twice the rate and increasing prices only twenty 
percent as quickly as comparable low-technology tinms. 
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I am alwavs lascanated by the tact thatwhen Loome toa conterence on the 


subjects of Ro& Do innovation, mew product development, o1 
entreprencurship -- things that involve changing an organization s 
technology or product profile -- Ttind very few chict executive officers 
Phe corporate presidents will allow and even encourage thei associates 
fromthe R& D divisions to attend such meetings, but they rarely, fever, 
show up themselves. 

Atothis pomt owe need to ask what the primary mission of ou 
corporations is. PRaow thatmans would say itis the making of money ton 
stockholders. Well it this as the primary musston, if this is the reason for the 
COMpotation sexpstonce, TE would sugeest thatmany corporations ought te) 
be liquidated, sold at book value, and the moneys invested in tax-exempt 
bonds. Most conporations rarely cam more than a six percent ROT alter 
taxes. Making a proftitois a mecessary tactic ino the operation of ou 
corporations: the more we make, leguamately, the better, But there is a 
more baste reason for the existence of the American corporations. Phe 
corporation was founded, and exists today, to take useful human 
Knowledge dechnologys ). move it into products or services, and move these 
mito the marketplace. Phis is what motivates people to start Comporations. 
Founders tally Know thatat they succeed in this objective they will make 
money, and they Know that to stay alive thes must make money. But 
COPPORGEONS PUPSUE a protit inorder to be able to cary Out this innovative 
process. They do this within whatever financial iimity the corporation 
must accept, within whatever organizational and manpower limits the 
company may have. and within whatever legal limits they mustrecognize. 
I kheep telling our vice presidents in charge of these linvtts, “Look, your yob 
istoopen up the limits; dont narrow them.” And T would like to say the 
same thing tothe government: You must help me to open up the limits, as 
the Japanese government does.” My primary preoccupation as chiet 
executive olficer as to enact the imnovation-production-marketing 
procedure. Th top management accepts this as the basic reason for the 
comporation’s existence, the corporation ts likely to survive. T think long- 
term) survival isa greater Challenge for our corporations than short-term 
protit. Only if top management accepts this survival responsibility will a 
given corporation continue to serve allot its stakeholders -- the customers, 
stockholders, employees, and society in general. We say frequently that the 
stockholders really ran and own a company, but T have often wondered 
what would happen a all of the stockholders in the General Electric 
Company, for example, met and decided to liquidate then company. Do 
vou really believe that they could do uw? T think that the next mormming the 
unions, the government and others would make sure that General Electric 
continued to serve ats function. We have made sure that Lockheed and 
Chiysler continue to serve then missians, even while they are not making a 
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prolit: other stakeholders must be served. The various stakeholders’ voices 
are becoming atleast as loud as those of the stockholders. and in many cases 
louder. During arecenttalk with an officer of Dow, this was made clear. He 
said, “You know, we have far fewer rumblings from and troubles with ou 
stockholders than we have with the public in general. Phis became clear at 
our gates one day, when a crowd demonstrated against the production of 
napalm. We never expected that degree of protest from the public.” 

It science and technology are the most powerlul agents for change, and uf 
advancing them ors the primary function of a corporation, then we need 
‘Teaders’ of a new type. possessing different aiming and experience than 
those that have historically managed most of our Conporations. Tsay most: 
IBM. SM. DuPont. Hewlett-Packard, and Texas Instruments are 
exceptions. Phe great bulk of the American corporations, however, are not 
in that wonderful position of being saved by technological innovation in 
world market competition. Many of our Conporations are overmanaged 
and underled: leadership implies, in addition to the effective management 
of an institution, the ability to conceptualize the tuture. Without this 
conceptualizing ability at the top of an organization, the process of 
mnovation through the use of new Knowledge will be seriously inhibited, 
Hot occurs at all, 

A fascinating article appeared recenthy inthe Harvard Business Review, 
entithed “Managing Lechnologs: A Box of Cigars tor Brad” It clearls 
pomted out that the preoccupation of many top managements with 
current problems, legal matters, financial manipulation, and personne! 
achuivity now dominates a disproportionate amount of an executive's time. 
bxecutves spend a relatively: small percentage of them days i_ the 
development of new product and market strategy, and im plaving a 
significant role an seeing that the innovation process is) ctlectively 
implemented. We need look no further to tind reasons tor the basic demise 
of mans of our American comporations. 

PE would suggest that a number of changes be enacted, both in 
corporations and im society in general, 

One: | think that government must encourage Corporate leaders to 
accept innovation as a primary responsibility. Government should not by 


its endless regulations and paperwork force Corporate management to 


spend most of its time as legal umpire, accounting scorekeeper, and 
operator of second-class wellare agencies. Executives must become deeply 
mvolved inthis ball game called innovation. Ud like to teli a story about 
government regulation here, to mtroduce a bit of levity into the discussion 
and to emphasize a pomnt. Back in P88), a voung man who had been bitten 
by arabid dog was brought by his parents to Louis Pasteur. (I learned only 
recently, by the was, that only once im recorded medical history has 
someone recovered from rabies without treatment.) Joseph Meister had 
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rabies, and his parents wanted Pasteur to mnoculate the child. Pasteur had 
little Clanucal evidence that his vaccine was sate or effective, but the boy was 
going to dic. Pasteur innoculated the child, and Joseph Meister recovered 
promptly. He died only eight vears ago, at the ripe old age of 95 on 
thereabouts. Fach dav of his lite. while passing Pasteur s tomb in Les 
Invalides, Joseph left a litte thlower. [often wonder where Meister would 
have been all those vears if there had been an aggressive federal drug agency 
in France in P88). 

Iwo: Corporations and government must plaice im kev management 
positions people who have a teel -- not the extended knowledge of R & D 
professionals, but a feel -- for science, technology, the entreprencurial 
process and innovation. Phe continued increase of the legalistic mentality, 
particularly in’ America, at the top of the corporate and government 
institutions will do litthe to enable us to promote the entire mnovative 
process in industry. We have recenth moved trom promoting the finance 
man to promoting the legal man to the top yobs itis the latest fad in 
reactive, Chisis-ortented managerial selection. We put every body at the top 
of our organizations except those whose pus cay responsibility and 
interest lies in enacting the innovative process. 

Dhaee: Phe American mdustral scene and the American technological 
corporation need trom our universities an entirely different School of 
Management (or School of Leadership) than has been characteristic of 
graduate business schools in the past. Edo not think that the average 
business graduate in this country is prepared for the necessary retraming 
and upgrading of management and leadership tor technology-based 
companies. For example, iis well Known thatil vou need to retrain people 
lor service in botel management, vou send them to Cornell or Denver. The 
reason rs quite evident: they learn something about hotels at Cornell and 
Denver. There is no comparable school of management for executives of 
technology-based corporations. 

Twas surprised recenth) while visiting one of the more prestigious 
eastern business schools to hear its dean say, ‘For twenty-five vears we have 
done nothing except tain people to massage the existing institution. We 
have given people little: indication or awareness of the need tor injecting 
Into that wnstitution new technology, new products, anew cntreprencurial 
spit. We are going to change this.” Twas astounded because although I 
often hear this expressed by engineering school deans, it ts rare to hear it 
from the lips of a business school dean. The President of the United States, 
through Jordan Baruch, 1s enacting a program to emphasize the need in 
industry for people with an onentation toward imnovation. Business 
school deans and engineering school deans will be placed in the same room 
sometime within the next six months. The results of this are hard to 
predict, but T strongly suggest that some university presideits should also 
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be am that room, to help coordinate and syvnergise the willing and 
unwilling components of them institutions. 

In closing, Pwantto emphasize that] do not believe that these problems 
are msoluble. Many of the difficulties Concerning our need tor mereased 
Innovation and mereased industry-university Cooperation would dissoly« 
vers rapids if top conporate management would get into the mnovation 
ball game. Talso don't buy amyth Dhave heard expressed trequently, that 
the small corporation cannot undertake Ro& Door basic research. 
Conversely, in the same breath these same mvth-makers will say that a 
large corporation ts too inflexible to utilize the fruits of its research when i 
is completed. Howe buy both of these concepts, we are really un the mud 
Dhere are large Corporations with amazing flexibility and adaptability in 
enacting and utilizing innovation, and there are small Corporations thatdo 


very cllective basic research and get the results moved through then 


OQANZAlLOns. 

Phere is no question, however, that rh our entire InmoOVallon process ts 
going to getinto high gear, the top management of our mnstitutions must 
assume the process as one of its mayor responsibilities. 
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member of the Advisor. Board of Mellon lascitute of Research (Coammeeie-Mellon University 


He ais on the Advison Council of the hollf Foandation, an organization directed to antilicial 


organ research and clinical application 


Mr. Alstadt was appomted in 1969 by President Nixon as Metropolitan Charman of the 
Nauional Alliance of Businessmen 


Reve ntls, Mh 


AlMiad: has become active in the dvnamics of the management of change im 


business and social unstitutions. and the techmical mmovation process nnimdusiny. Has tims 


Human Atuudes and Managing Change.” made on conmpumetion wath National 
Fducatvonal Television, have been used by many undustral educational, banking. and 
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Min 


\istadt has been active particularly ino liaison with the Gaaman and Fnuelish | 


ihasi« 
chemical and rubber industies, and has been a trequent lecturer betore 


Viner an and 
huropean technical and management societies 
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Multinauionalism and Cooperative Research 


Mr. Charles F. Christ 
Vice President, Xerox Corporation 


1, a multinational company. Aeron pursucs cooperatice vescarch abroad as weil as 
at home Neoon benetits trom £ wiope s lonee? ‘ pore meocom applied cooporalivt 
research in established relationships between Rank Nevo and European institutions 
wath areas of expertise not found in the US.. and from occasional cost savings 
ie sulting from gorrrnment subsidue sfo foreign hhools and institutes 

Phe problems with such forergn anangements include: laws and government 
revulations concerning the ¢ Vport of tee hnolowy. extended and cacuitous lines of 
communiwation, and, occasionally, a certain rigidity in the approach of some 
vorecrnment sponsored mastitultes 

in steve sting f Miopran phe norco as thie rroom- mann ersa4ry applicd Ve search 
mistitute, offen eocemmmnent subsidized i striking ‘ Lamiple ol thes is the / NO on the 
Ny the rlands and thy te “ile othe San thre { nited Ainedom., Fran t and il est Coe rrrarny 
There ave also a number of unwersities that ofter thea services directly to industry 

1 Aeron prow with Strathclyde i neiwrsity an Scotland callustrates some of the 
problems ino international cooperate research. Because of proprictary Nevon 
technology amooloed, the information eiaen to the unavrsaty must be carefully 
controlled, The proyect is also complicated by the tact of ats US. origin, Nevo in the 
1 Sin fainis ve sponsibility fon the woru hale Rank \ ren pro ide Sfesting seriome sand 
hawon. A projyect in West Germany, on the other hand, relates toa vroject tor whuha 
Rank Nevoxn unit as responsible, which semplifies communiations and 
administration 

Nevon os working with the Dutch Organization for Applied Scventifc Resear hon 
advanced metal forming, shajt-wear problems and optical development. Other Xerox 
cooperation research projects in Europe include a welding study at the National 
Fneimecnne Laboratories in Scotland and general ongoine partuipation at West 
Coermany s Institute for Synthetu Matenals Applied Research 

Partuipation ain cooperate research abroad ewes us valuable access to 
independently ornginated work and specialioed expertise. It dovetails with our polis 
of assegning development work among ovr multinational units. It supplements ow 
own research efforts, afferime a potentially high return on our development-dollar 


mroestoments 


I would like to review what we at Nerox have done in the area of 
cooperative research on a multinational basis, particularly in what we call 
“manulacturing research,” which as really technologically onented 


roscanch conducted withthe objective of bringing toa product some beneiit 
moicost, function or performance. | wall talk about what we are dome, in 
CCMOpPCTALIVG Tose aich. some of the anstatutnons that we care working with 
some ol the propects we havc gouge on. and some of the problems we have 
run oante. Additnomally. Til discuss the boundaries of responsibilin 
between enginecting and manutacturng, what the design process ts ail 
about, and what has worked well tor us within Nero 

Cooperative rescarch is no novelty at Nero, Corporation. We entered out 
col xerographs bs acquiuinme the rights to that process trom: Barielle 
Memorial Tnsutute. or the Battelle Development Corporation it wats 
then known, and by developing ou along wath them. Lo thas clay. Dattelle 
comtinucs to do a large amount of work for Nero. 

But cooperative rescarnch mn munubactaning os a relatively mew exorcise 
lor us: we have been atatonly since 19760 oF 1977. Tt has been extremes 
helplulinancreasing the productivity of Nerox on terms of what wedeliver 
tO the marketplace. We measure our product agaust the products of our 
competitors, cxamining how much product performance per dollar of 
porcncdeac | cost we deliver to the marketplace is compared wath thy 
potlonmance of our competitors, Over the past three or tour vears we have 
been able touncrease this by about thirty percent, and much of the meres 
Was lorconse tat about tbanconnggla ccocop ne mative muanutacturme research pucopects 

We are vers pleased with the results of thes CCM OpPCT ALEVE reoscunch 
propects. one of which is the Polymer Processing Program at MEL There 
are a number of others underway inthe United States. At the University of 
Delaware. we are mnvolved ina studs of advanced Composite materials. Phi 
Stauntord Research Institute is helping us to understand some problems im 
the wea of automated manutactumng, and we are hoping to benetit trom 
productivity studies currenth underway at Rensselacs 

But Neroxn as ao mmultuinational company in every respect of our 
gperations, imcluding research and development. and certiamly in 
cooperative manulactumng research. Adopung a multinational approach 
to Cooperative research has provided us with mans benetits. Obviously. i 
supplements the resources of Rank Nerox, our buropean atfiliate, which 
has research and development  responsibilitees an burope Ou 
mtermmational CCM OPPOT ATEN research also takes advantaae ol the 
opportunities mm relationships which have been established over a period 
Ootime with buropean universities and institutions. But our foreign 
research by no means limited to the work untiated within Rank Nerox 
Mans of the proyects conducted today an burope were mitiated inthe 
United States operation and are managed trom here 


Lhuas international Aprpr nat hallows us to take advantage of the « Npoettise 


moa given tield regardless of where itis located. Bevond thas, there are 
several other advantages to working abroad. We have found that Furope's 


longer history of cooperative applied research has resulted wi the people 
and unstatutions there being much more attuned to working to satis the 
needs of industiy than the case un many US. mstitutions. 

Thee are also potential cost benefits ino many instances, because a 
number of foreign msttutions receive some form of government subsids 
and support, Dheretore, the fees charged to industrial clients may not have 
tocover the total cost, as would be required ina somilar unstitution on thas 
COUMTNY. 

Butt there are special benetits aa conducting research abroad, there are 
also special problems. One thats particularly bothersome to industrial 
companies is the problem of disclosure, which to a degree also exists onthe 
CS. dts natural for the wniversin to want to share os research findings 
tuouch publaaton, but where propretan reseanh oo mvolved 
conpotations must otten mnsiston conlidentialiny. Phe disclosure problem 
is turther complaated inintermational anangements by legal restrictions 
on technolows exchange and sometimes even by the wav rescanch 
agreements are written. Technology i considered an exportable on 
Hnpotable commodiis subpoot to control under the Laws of many nations, 
wi dudme our own, and we must work within the framework of these hows. 
The United States. for mstamce, regulates disclosure tor both natronal 
scours and forgn policy reasons. In many ustances, a validated US 
government Loense os required betore any techoical information can be 
disclosed abroad. Additionally, there are many special limitations on what 
can be disclosed to the basternn block countries, Limitations mcreasme!s 
severe because of recent Middle East problems 

\nother area that often causes difficulty is patent rights. Forexample, af 
a patents apphed torin the Cnated States and a torengn patent application 
is tiled less than six months after the US. tiling, any resultant US. patent 
could be anvalid. [ois possible to work around the problem by getting an 
authorized US. patent of its Incense, but the situation makes the pob much 
more difficult as taras coordimatine. manage, and taking advantage of 
the work that can be done both here and abrowd 

Problems mas also be created by the hiws of the Loneren country im which 
the research as to take place. For example, the terms of imtemmnatonal 
tchnolows agreements are scrutinized vers carefully by Japan's Munistrs 
af International Trade and Industry. the Ministry feels that the tenms of 
an agreement are harmful to the Japanese organization or to Japan's 
national interest, can withhold government approval. Such limitations 
canaltect progects in which US created technology ts assigned toa torengn 
umitotthe company tor techorcal development. At Nerox we make avers 
strong effort to identity a technology development role for our foreign 
operations. We do not tecl that the US. os the source of all the best on the 
newest ideas im the world: we have, on fact, made a major effort to take 
advantage of whatis happening in Burope 
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Duet financial restutions can also cause difliculucs, depending on 
how vou choose to share the monetary benetits of technical development 
rail, for mstance, lumats the amount of rovalues a Brazilian subsidiary 
MAY Par Us lorie parent companys 

Dhese government regulations and the question of disclosure are not the 
only problems to be found im pursuing cooperative research abroad. he 
wherenth extended and someumnes torturous lones of Communi ation can 
create severe difficulties. Finally. the procedural rigedity im some foreign 
research institutions makes ot diifrcult to talora propect precisely to our 
needs, partioularh when a toreign national government ts unvolved in the 
porerer ann. 

Once these hurdles are overcome, however, conducting cooperate 
rscaich activities om much the samme on b catcopn asm the United States 
Companys -university relatronships are usually focused on specilic propects 
which are under the directoon of a sent Laculi, member working with hoes 
own assistants, An anteresting saniant to thes os found in japanese 
corporations, which make a practice of sending thea voung professionals 
to graduate school after thes have been with the company tor about two 
veats. Dheretore, when the COPTEDP ATEN SPMD SOOTS 2 LETEENCUSIEN Potengea td. iis cw 
poople are apt to work on the propect 2s partot then enaduate studies. Dhoes 
practice cortamnhy helps to focus the work more precisely on the needs of the 
COMTEP RATES 

\oommon kuropean approach to thad party researchis the partially on 
wholly govermment-supported onsutute, which may be a standard 
oganization ona rescarch comsertiam. While on the past most of these 
ganizations were essentially sell-comtamed, there os today a growing 
tendencs among them to collaborate with uninererties 

One partwulaly good example, and one with which we have had 
significant involvement, onthe Dutch PNQO. the Organization tor Applied 
Screntitie Research. TNO was created by the Dutch Parliament on 1990, 
and todas as a sizeable organization dedicated to applied research im mans 
ateas. Industrial research occupies about one thod of the organization, Its 
equipment ts financed by the government, but rts operating funds and the 
capital funds tor its physical plant are expected to come trom client fees 
(The Dutch government, however, docs on occasson make up tor shorttalls 
nm TNO 'srevenuc.) PDNO accepts proprietary development assignments im 
a broad range of areas trom ondustrial clrents, and exghteen percent of its 
private sector revenues mn the past veat has come trom private sector clients 
kor a number of vears, DINO has operated a center tor physical research 
with the Netherlands Technical University. The center rs involved in 
fundamental as well as applred research, and serves as a resource for other 
INO activites. In addition, a number of other universities have recently 
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begun working «closely wath them mn applied research propocts 

West Germans has us Institute tor Plastics Processing mn Aachen. In 
Frame. therm ow CETIM. the Industual Manulactunne Techonwal 
Institute: mn Brotain, the Production Research Engineers Assoc natvon: and 
the National Engunecting Laboratones on Scotland 

Keron op making extensive use of soveral of these institutes, and of Cottam 
hacogn universities as well, One of our university propects offets a good 
eample ol both the problems to be overcome and the  unegue 
opportunities to be qauned om an international cooperative research 
endeasorn, We had on our own Laboratones om the US. done emough 
prelominarny work to show that we could achieve important omprovements 
through anew approach tothe production of toner (diy unk) used mn one of 
ow established copier products. However, out own development pooph 
were committed to work on totally new products and new matetials. Rank 
Neron bad an established working relationship wath Sorathe Tock 
Liners oan Ghoegow, Scotland, and Stathelvde has some special 
expertise that was particularly useful for toner work, So a progoct wath 
Suathelvde to begin developing the procedure was established 

Lhe oranizatoon of this propect os onteresting. My own manta turing 
thnolog onganizanen and the reprogaphics manulactunme group 
have budgets and technical responsibility tor propect execution. Rank 
Neron provides the cialy management and serves as liaison betwoen 
Stuathelvde and on organization om the US. toes abso responsable tor 
testing the samples produced by the Strath lyde rescan hers as thes develop 
the procedure One other coteal clement oo the assignment of 
rspomsibilines, The toner ntself was onganally developed ty a 
mprogiaphics technologs group which os our product design arm on the 
United States. Thas group. therefore, has tinal design authors and 
responsibility for certifyveng the end results of the Strathclyde work. So, 
projedt management rosaides in reprogiaphis manulacturme and works 
through Rank Nerox, which provides larson and day-to-day support and 
sting capability. In turn, we on reprogiaphics manulactuning Coordinate 
the results with the roprogiaphics technologs group tor tinal techincal 
approval, and are respomsible tor unplementing the procedure on the 
United States operatoons as well as in burope. 

Because we were dealing with a proprietary Neros technologs of critical 
mportamee, we found at necessary to take the strongest possible 
precautions. Out approach to control was two-fold, Rank Nerox obtanned 
a nondisclosure agreement trom both the univenity and its propect 
researchers. In addition, we have not passed on any information relating to 
the serographac development system. Rank Nero transiates all testing 
information inte basi clectral physrcal and chemiaal terms betore 
Hansmitting otto the Saathelvde researc hers 
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Things are much easier when a foreign research Laboratory is retained to 
develop a process that has no bearing on your own proprietary technology. 
For example, we are wholly tunding a study atthe University of Aachen in 
advanced manufacturing technology for a machine component. | cannot 
sav more about it because it will be a proprictary technology developed by 
the University for Nerox and the patent rights will reside with us. In this 
kind of situation there are no constraints on communication between the 
Ametican clrent and the contracting foreign laboratory. 

We have a number of other projects in progress abroad. TNO's Metal 
Institute is working on a proprietary project in hivdro-torming that was 
commusstoned by Rank Nerox. And PNO'’s Tribotechnical Institute* ts 
studying problems of wear torus. Phe ENO Technical University Center 
tor Physical Research is working on a development in optics for us. 
Scotland’s National Engineering Laboratory* is conducting a welding 
project Commussioned by Nerox in the United States with Rank Nerox 
again providing technical liaton. (None of these projects, incidentally, ts 
burdened by export or disclosure restrictions.) We also recently poined West 
Germany's Institute for Plastic Processing Research, and expect this new 
association to give us valuable know-how in areas ranging from outsert 
molding to clectto-magnetic shielding with conductive plastics. 

Cleaily, foreign Cooperative research in support of manufacturing ts 
working well for Xerox. It supplements out internal staff resources, and 
makes avatlable worldwide expertise ima given mterest area. Foreign 
cooperative research ties in closely with our policy of assigning 
development work to Nerox organizations outside the United States. In 
short. it has helped us on a multinational basis to realize the greatest 
possible return on our research and development dollars. [tis a practice 
which, for allot the dithicultues we have had in its implementation, Pcan 
heartily recommend. 

We must recognize the importance of organizing for technology and 
research, particularly for manulacturmg research as distinct trom basi 
research. We make, within Nerox, a concerted effort to understand what ts 
going on in research and development at universities and technical 
institutes around the world. We do not want tor the universities to come to 
us with a proposal: we go out to tind who is doing what where, and what 
they are good at. Understanding who ts wood at what and understanding 
the technology the corporation needs to bring anew product to market, o1 
toreduce the costor improve the capabilities of that product, is the role that 
my organization plays. 

We have people physically located within the design enginecring 
organization who tacilitate technology transter. Phev are members of the 


1 hy “4 yn seats bycave silhet been sumcesstadls completed 
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subsystem design teams working day to day and side by side with the 


engineers. As part of the engineering process, them role is that of a 
“technical broker.” Thesv are there tocontibuate, and to bring tothe design 
process an understanding of whats unique and available in materials. 
material applications, materials processing techniques or design 
approaches that in a manutacturmg sense will result ina lower-cost and 
better-perlomming product. 

Atthe same time. my organization has the responsibility of bringing that 
product all the way from svathesis, when we are first trving to figure out 
what will satisty cmarket need. to production at line balance. Only then do 
Phand ove: the responsibility to the manutacturng manager, who runs the 
plantday today. Up until that time, the product ismy responsibility and I 
must solve any problem associated with it. 

In having an organivation that reaches trom the very carly stages of 
product definition to actual production, we have climinated some of the 
functional boundaries that used to anpede the transter of technology. We 
have also overcome many of the problems in getting the manutacturing 
operation to accept Change, and in getting the engineering operation to 
accept new ideas (an equally severe problem). In the past, given the 
necessary lead tumes and launch dates, owas often the case that by the time 
the production engineers could see what the product was going to be, i was 
too date for them to mntluence its design. On such and such dav, in such and 
such vear. we will launch a product: aowill be there. Increasing the transter 
of technoloes and the flow of Communication is the only way we can 
overcome reluctance to adopt new technology on the part of the 
cnemecineg organization. Lhev Know what the treed and true is, and what 
has worked before, and there is a great tendency on them part to want to 
stick wath the famulia 

But to be able to bring the product cost down and shorten the 
development ovele, we have got to bridge that gap, overcome that barrier, 
and work as a team. We have been able todo that in the Last two vears, and 
the results are starting to show up in Nerox products today. 


Questions 


Fdward F. Davids What percentage of vour R & D budget do vou actualis 
spend on some of these contracts: 


Charles Fo Christ: Keep in mind that PE differentiated between research 
done by the Webster Research Center at Nerox, for instance, and that done 
by the engineering group. What Tam talking about is what we call 
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manulactuming research, Phas is really a technology -onented activity and 
is not onented towards basic fundamental Knowledge. That budget is in 
the millions of dollars and we try to split it tifty-filty between the US. and 
Furope. 


Fred Haynes: To what extent do tax moentives drive vou todo some of this 
research overseas ina foreign atfilate. where clearly. in a country, with 
higher taxes, vour international tax base will be reduced by these research 
ellorts: 


Mi. Christ: Ibis a consideration, but nota driving one. Pmentioned itonls 
because ios a umigqgue aspect of doimg business inp burope, where 
organizations such as ENO and others do receive, in some sense, a subsidy 
from the government. We drive primarily on a technology that can give us 
the best product, wherever itis. My prime goalis toreduce the casi. And we 
had a great tendency at Nerox, as in many companics, to want io de 
evervthing here ourselves. We have tried very hard to break out of that and 
to take advantage of whatever is available, wherever aos located. 


BIOGRAPHICAL NOTE 


Nir Charles bo Chinist is Vice Presademt of Manuteactunme Pechnologws and Programs tor 
Neros Corporation's North Amercan Manutactariig Divisson sance 1978. He has worldw ite 
sponsibility within the Reprographics Manutactarnne Group RMG) tor manulacturng 
roscanch and development. tochmolows transter, and manulactuning progam management 

In addition. be has responsability fon advanced manulacturmg cngonceenng, advanced 
quali cngineenng. mdustial enginecine. and manubacturing quality assurance 

Mii Chinast poured Netox an October 1960 aod tos beld a number of hey manmagenvent 
posttioms ui tudmg manager of the companys materials manulacturine plant trom 197 hte 
97>. manage of the companys s comsamables manuteacturmyg plant trom 1979 to 1976. and 
manaver ob manuletunme techoologs from 1970 to TO78 

Ninw Chunist bholds a bachelors degree om lodustial bnewinecting trom General Motors 
Institute and a master’s deere on Business \duaanistation trom Panard University's 
Corraduate School of Business 

Lhe author of Dy techn alarteches. Miao Choastosa oennber of the Industrial Advisors Board 


Laborato for Manutactunne and Producti. at MET 


nesreecher YELLE 
BEST POU Uisaacsel rid wed 


PANEL III: Policy Recommendations 


Participants: 
Dr. Daniel C. Drucker, Chairman 
Mr. Walter L. Abel 
Dr. Arden L. Bement, Jr. 
Mr. Howard J. Dugoflf 
Dr. Kent F. Hansen 
Mr. William Wetmore 


Mi. Walter L.. Abel 
Vice President for Research and Development, 
Emhart Corporation 


During this conference we have looked at the broad innovation 
spectrum, from basic research on one side to the mus and bolts of 
manulacturing and engineering applications on the other, We need, in 
many areas, pust good engineering applications of existing technologies. 

lo understand my conclusions you must understand the base trom 
which Treason. T started with a highly centralized corporation where all 
decisions were made at corporate headquarters. We then went through a 
period during which authority was highly decentralized. Many times when 
the pendulum swings it goes too far and causes a new set of problems. 
Usually with a major change of activity in an organization, there is also a 
change in the organization's corporate management. We now find 
ourselves with many financial and legal people sitting at the decision- 
making positions. eo. oxice you turn a good financial person around so 
that he or she understands and appreciates technology, vou have a good 
double-edged sword. If you do not turn these people around, you have 
problems. 
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Dlook at parmtiofims yob as anternal miaiketing: Pmust talk to the correct 


people. Ttas cass to talk with the people here at this svmposiumi: we are all 
thinking an oa simula technical atmosphere. But To have to talk to 
nontechnical people and convince them how to get a completely proven 
new idea instituted. Pmust show them how to look at the future People 
come to ome and say. “Wally. why cant we get more of the computer: 
controlled preces of equipment like the one that we can't keep up wath che 
orders tore TL look them oon the eve and sas. Phat took seven vears to 
develop. Thatois a minimum. You will not put up three vears of 
financing. In fact. itis hard sometimes to get them to put money up tor 
only two vears. PT have to demonstrate to them that the bieee St risk is net 
taking ans risk. Ptondatvers disturbing when 1 goto the divisions, and see 
division managers cutting out programs which are vers basic tor the 
future. Dhes are not tighting for these programs. When bask. “Why did 
vou accept thiss they answer, Phere wasa budgetcut’ When Tsay, “Yes, 
butdid vou go back to management and describe the effects of the cute the 
ANSWeL IS no. 

V few vears do, bone hat thre Hew COD pO ate hie adquart Ts, I bee ame VETS 
excited about the micto-revolution. Mictos would tum the world upside 
down. it there were enough cngincers tamed to design the smart products, 
the smart machinery and the smart processes. TP requested halt a day of 
colporate managements time, and TP brought ina dynamic macho expert, 
who tohd ous what was comme: the smart products, machinery and 
PPOCesSses Ih was vers successtul, and tor the next two weeks Thad all IN pes 
of people marching intomys office saving, “Hey, Wally. can we use it here: 
What about thiss What about that” Suddenly at dawned on me that 
ninety-five percentol all the mquines concemmed manulacturmg -- notnew. 
products, smart products ornew machinery, but manutacturing. Pgrew up 
moresearch and development, where we came up with mew principles. 
processes, machinery and products. Although Towas aware of 
manulacturing. Pwasnotreally aware of what needs to be done there. So we 
called together representatives from different divisions. Sure enough, there 
was great need. People wanted to talk to each other, and all kinds of 
problems began to untold. Phen Tsaid: “Lets get ition the right base.” An 
outside manulactummg expert was called into give usa tall day on the stat 
of the artol automatic manutacturme. Den usetul recommendations can 
out ot that 

\long the was T picked up a voung dynamic enginee? thanmed im micro 
electromics, and convinced him that his pob tor the future was with me. I 
thought, Boy, well show them how to do distributed processing, Well 
take the manulacturineg and we ll divide itup. Then well put amicro her 
and aomicro there and well bring them together with a host computer 
Well save money tor the corporation!” T thought Pd develop the smart 
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products later, because there was tust so omuch to be done in 


manulacturme. What did we tind: We had no engineering base to build 
on! In many places we did not have a good electrical or mechanical 
enginecting base. We found technicians called Mmanutacturing engineers” 
who had no engineering base. We did not have enough polymer engineers, 
industrial engineers, or propect enginecrs. We concluded we had bette 
search and search, and tram, train, tram 

IT would dike to shift gears a little, and talk about my experrence wath 
Industiial-university co-op programs. Dick Berry and Phelped Nam Suh to 
stant the Polymer Processing Program, so Thad a solt spot inims heart to 
make sure i owas successtul, For me it was necessary to tind a division that 
would support the program after Pprovided the seed mones. Financially, at 
came at the worst possible Lime. People who were supposed to be at the 
Polymer Program were often mot there -- thes were back home taking care 
of crises, and putting out tires. Decentralation and tinancial control lead 
to short-range thinking, and that leads to tire-tightine. 

We did get back into the program because we started injection molding 
complete polyester fiberglass automobile front ends in one prece, using 
2.5900-ton presses. We also were involved in the reaction myection molding 
of wrethanes. We can make a complete tlexible tromt end tora car like the 
Chivsler Mirada in under two minutes. These propects are not for punior 
engineers! The director of that program looked at the Polymer Program 
and said, “Yes, Pd like the corporation to get back into it” So Thad a 
division to support the Polymer Program again and we were back with 
Nam. Well, then this division had problems. They. like the previous 
division, were back home fighting tires mistead of tolh owing the program 
and proceeding with fundamental progects. 

So the nature of the beast is short-range, day to day work Whatdo vou 
dor We did pull together several mnternal groups, like the taputer control 
group and the CAD CAM Society. We are also working on the notion that 
big companies need litth companies and litthe companies need big 
companies. And the entrepreneurs, for example: where do vou tind them 
and how do vou work with them? When vour organization ts tragmented 
and decentralized, these are the kinds of steps vou consider, 

Although all of these activities have been valuable, from an overall 
comporate viewport you still need tresh new ideas, tools and technology. 
We need new, technically trained people. We need a way to revitalize and 
motvate existing technical people. We are aware of new gener 
technolowies that would be useful to mans divistons throughout banbart, 
but T tind mo one division or group that wall provide the funds to do the 
work. We need a dvoamic pushin all manutacturine areas to strengthen 
our engimecting base, not only for better price, quality and delivery, but 


even more importanth for CAD CAM. As far as To oam= concerned, 
CAD CAM is a must tor the future survival of ao manulactunny group 
What are we going todo about: Why notmake a betier Coupling between 
industy and the university: Phe universities are the base source ton 
technically haamed people. the source tor the fundamental understanding 
of the existing technologies and the tountammbhead of mew technolo tes. 
However, our experience to date has lett much to be desired 

Now, hnowing allot the benetits we can receive trom this coupling with 
the universities, we asked ourselves what we could do differently to make 
such interaction more ctfective than it has been in the past. One, Emhart 
Should have a pliyswal presence, a sinall otfiee and Lab. located at tbe 
university. Those people who are serving research needs have one set of 
conditions, and those in manulactumne have an entirely different set of 
needs. Whatis good for one is not necessarily good tor the other So. as a 
polis. leave the door open tora give-and-take atmosphere. PE want a tull- 
nine labdiector who will reportto the corporate VLPL tor R&D, and who 
will live an the vicinity of the university and provide a bridge between it 
and Fimbarnt. Pwo. division engimecrs with propects should be assigned ton 
4 timated time to the conten. Tn this was. the center will be thea top priority 
while they are away trom: home 

Now, what are our conclusions about this type ot couplings With only a 
lew people related directly) to the university, we recemnve a critical mass 
ellect. This as needed tor new ideas and tor applications of new 
tea linnolowi sO great DUDRP MOTE DIC, Wwe will have das to day and hace to bac 
communication with tacult. and students. We can eet things settled 
rapadly on the spot. Phe propect enginect, while at the center, can have 
sore ol his rust removed and atthe same time vecenve new ideas toapply to 
hits prranoats 

Phe center will provide a window for us to look atthe university and the 
students, and vice versa. We expect that, being at the university, we wall be 
called upon to give talks and lectures concermimng what industry ts all about 
and how business is tun. Importantly, the center could be a holding tank 
for our new cmplovees. We could use itas a central point, and tan out 
( miplovees to other divistons belore we finsnls assign that new emplover 
within Fimhart. Wecan pullin the international infomation activity that 
iS going onin mans of the universities. We expect the center to tre into 
other centers and not duplicate work 

We belreve that this tomm of Cooperative action could go a lone wa 
rowards helping Fanhart with its problems. OF more tnportance, many 
centers will help the ULS. to improve its innovation, and Tam convinced 


thes wall amprove COS. productivity 
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BIOGRAPHICAL NOTE 


Mi) Walter Lo Abel graduated trom Worcester Polvtechan Insutute on 1959 with a BS 
degiee mn mechann al engineciing 

He poured the Research Divisson of USM Corporation on 1999 and has been assoctated with 
thom in vanteuws positions since that tame. hollowing an extensive taming course which 
covered all phases of manulacturing. development and research. he was assigned as propoct 
engined? on process muchaners tor the shoe oadustny 

Dunne World War TL Mio Abel worked om mechanial computers tor ante areratt 
lollowed by propectenginee? work on tocket-piopelled aerial torpedoes. He was next assigned 
the task of organizing anew research department and Later became head of that department 
Shorth thereatter. he was named vassistant director of research tor the company. Tn 196d, be 
became diavcctor ot tescanch. Mil Abel headed up the Central Research Division when it wars 
formed on Nagust ot Pep) Phe was named vssistamt vice president of rescanchoon March 1967 
and became vice president of research on Maach 1969 

In 19060 USM became a subsidians of banhoant Corporation, and Mr Abel retamned bas tithe 
In 1909 he was appomted Vice President tor Reseanh and Development of Fino 
Canpootation 

Mio Abel was acteve on the mangement area on the Prownan Committee tor the Boston 
Sectron of the \oweri an Secrets. of Mecham al baeineers 

He attended the Progam tor Semon Bxccutives at MED. Spring Session, 1998 and the MET 
Paccotinve Refresher Course. oun the tall ot [0d In 1975. be became a member of the ME 
foopemation Sastene Committee, Department of Mechaneal Enginectinmg. He as also a 
weember of the Tocdustrmal Vdsasons Bound of the MEE Lidboraton tor Mianulecturme and 
Pilati. and a member of the Todustral Advisors Committee of the University of 
Tharthond In Neowermber 1979. Mio Abel wos elected te the Board of Directors of Computer 
Vendo! Moreuloctwnme International (COAM-D): onthe samme month, he became a menber of the 
Beard a bebvisots. Department of Management, Worcester Polytochine Institute 

Vb Abed os post chaaman of the Boston Research Directors and is a member ot the 
frdusitiad Research Club ot New York. fn additeon. be as carrenth USM)s representative in 
the Industrial Research hastitute (epresenting about eaght, percentol the andustral rescarch 
methe TOS A Ta Mir 1908) Miro Abel wos elected to the Board of Directors of the PRE, and be 
assumed the presedemes am May 1972 

Mio Abel as the 1970 recaprent of the Robert EE Goddard Award, Worcester Poly techie 
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Dr. Arden L. Bement, Jr. 
Director, Materials Sciaences Ottice, 
Advanced Research Projpects Agency 


lam going to address the question of policy trom the perspective of a 
ZOVCTIINCIIL TISston agency. 

Phe scaence and technology program within the Department of Deters 
isa multiple specthum program consisting of a research program funded at 
$600 million, an exploratory development program at $1,800 million, an 
advanced technology development program aimed at) specity 
demonstration projects and funded at) about S000) muillion, a 
manulbatunne technology program at $150 million, and the defense 
advanced research propects agency at over $500 million. TE vou add the 
independent research and devclopment programs within mdustry, there ts 
an additional $1.6 billion. We are talking about avery Large infrastructure. 
Coupling i done at all levels in the scrence and technology program, 
ahhough the natwe of the coupling and the Cooperation varies. For 
example, coupling between the DOD Laboratories and universities would 
beamuch more prevalent in the research program than iat would be in the 
exploratory, development program, where industry-university coupling 
would be stronger. 

The cooperation comes about in two main ways. Within the Department 
of Defense, we have a built-in user Community at all levels. Many project 
managers arc thamed to optimize resource allocation and to achieve 
lvcrage and amplification wherever possible. In order to take a new 
concept trom proven screntilic feasibility to technical feasibility quickly, it 
only makes sense tocouple basic screntitic insight with technical insight. I 
I were to describe all of the wavs in which coupling is done im thes 
progiams, a would take much more time than is warranted. The DOD 
laboratories play avery essential role as a catalyst. DPhev do most of the 
contacting within the Departinent of Delense for the out-ol-house 
rescarch programs 

By and large. we un not todo coupling for the sake of coupling. We tr 
not to stereotype coupling, and recognize that there ps no preferred model 
lhas customized, and depends on the mature of the research, the partners 
that come towether to do the research and a botot other Lactors. Mostly whit 
we can dors create a climate tor Cooperation. Dhe first step ts to percerve the 
nature of the problem. From omy pom of view, on defense research 
mnovation as not the mayor problem. We do try to keep tach of ous 
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technological lead tame in regard to the risk of technological surprise in 
several coitical defense scremees vis-a-vis the Soviet block. Samee our 
resources are about hall of the Soviets. there aw always a high risk of 
deaieasing our lead ina speci program area, and mot perenimg 
because then pcm ralns ate « loaked in secrecy, Nevertheless. mm mans of the 
mayor defense scrences we do cnpo. about a three to tive-vear bead. Dh 
problem comes when vou begin cxamuning the technology embedded im 
new defense hardware: there, the lead tame is not so great. Tn hat. on sane 
areas we ate clearkly belhunmd. So our real pone odode as the innagole pewtation ol 
expting technology. We have an ointlation of productivity which) os 
ouDStipping ou coomomic inflation. On the average, there as a three-year 
production lead time across the Department of Defense amd itis micteasing 
atthe rate ol one month per month duc to problems an cotical materials, 
auiical manpower cnitncal oquepmicnt and am some areas, critical 
commodities 

Dhatis where we have to apply our leverage, and the question ts: wha 
prolia ws are needed to create a conducive climate and a better outhook tor 
cooperation: Fart and foremost on the Defense Department, where we are 
dealing with three services. multiple commands and a Laboratory structure 
of over seventy Laboratories, vou have to approach the problem trom: the 
stundpom Of WIM weroements and not trom oa stand pron ol 
wanting battles. Inns estimate Japoanis successtul ian the marketplace and 
is gaining aomarchoonous because oo operates trom: this srewpornnt 

Secondly. anational approach to return on investinent os required. Sane 
we are an the Center tor Advanced Eneinectine Studies. Dteel obliged to 
quate Myron) Drtbus, who argues that the approach taught on oan 
business schools as based on three human weaknesses: greed. impatience 
and tear Gaieed in that one wants a high pay-oll, mpatience because ome 
wants thas soonas possible aod fearon that he wants i atominimnom risk. Tt 
is omecessary too oaunypeat: foresmgby. patience and the courage of vou 
COPNMICHIONS Inte Vorl approach 

Nest. nos possible to approach the management of explotatons 
development, and even some research programs cwhen they are need 
onrented), from anunvestiment management pountol view. Tnother words 
provide focus and establish prronties. Atthe OSD level we dothis through 
our promium technologies program, the Ver Plreh Speed Tnteg:ated 
Carcunt Program os one such progiam. By fencing resources and giving a 
hivgh-coxccutive level of priority to the progam, long-term stability and 
comtinuits asanypected ante the program, subpect ol coutse to Congressronal 
roView Dhais as vets comducive to CAM OPM TING f fhorts: OF the cleven 
proposals that have boon submutied todateon tie VEESEC progam, at beast 
nine of them amvelve conmsortin Almost all of them onvolve universats 
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lhas also necessary to plan bor success. a 
rite Ke | and clanve tha prbeoeed am In cna to] 
we ae trnvene to fond hareer-sccale cmt TUL | eh ticorts ann! 
MUANVeS gator POwaMs Gt UTIVOTSIties , Temliliaeeatiik 
on campus. Dhe Otfme of Naval Research i als penummemtinge wath 
operating in amore DARP A-like mode in some of its programs, by Tie 
rscarch together with exploratons development etlorts. Dhias hus been ver 
successtul it} itae Vc Theat Rx scuch Propeats Voom \ 

Lhove os wood fon reduced polarization. Tn the past 
partatacmied! cout porta to solve meas + oblouns cand address bos 
LODNN) Copper tuanertacs maccanys tha 
solving thre Phe ad -Tarin po oboe itis Tt the rescurch prrernt 
lone foam Copoprooritageitics Tf vcoua anaveat that mvestim Hil 


vers curious thing lice tics i lent Wedlap WM bemocaos ts to Spe nit as 


Pee aE TOT EDD Copper tiatsities und to try te solve lome-term PeUQUITPC THE TIES 

Dhie Deters Ddepoantunnenat thacsaely ats Scenes smnel Dea bon rene py 
practices tosource pooling wherever possible by carving on Cooperal 
prowtamis wath | comdies. bor example. we tuave anaved at 
mocmnoradium of cunmderstamdimg wath the Nuatnomal Scremee Foundation 
We see benetits of Cooperation between the DARPA, the VSET Program 
mado the ViISIC) Program with them microstructures progam, and an 
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throughout the counties to provide advanced capabilities Gn university 


campuses and to tre those an owath ondiustriigl capabilities, We 

prownam betwoon the DD poantrraene ff Pde doaese conn 
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We have Sided program support tor techn , 
a ME the Lisborators for Mianubacturmn lene tanaasy conned thy 
Niaterials Processing Conter, which has been recently onaueiurated We 
have to be somewhat careful not to proempr the resources th 
aviathable which wonstad ly thas 1 .ise were we la) rite? whites cae yu waive 
SUapopmnne at Tene low i tevel mn somme of thy vemeria tt chinolows conters 

Nexto weotry to balance our business poliies with our technical poli 
lhe moun mterhaccous between ms offfee and the Otfnoe of Ve quisition 
Perlis Which comes am two areas: the Minutactunme Lechmolows 
Poeewram cand the Tinlepoeancdoant Rescarch ond Development 
Nignmulatupine tea hinnolows is presents fistnclen! TTL fo totem urement 
lumdine, soutes necessary to be able to demonstrate a deliverable product 
We are trvine te HMorporate more roan achurine and process screne 
Ktivities Within our research prow to help close the patertace wath tbe 


dewonsination of prranjects comin cut cn aby pore capone himding In) 
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do notencroach on its mdependence, the main clement and benetit of that 
program. Uniortunately, these programs can be characterved with asmall 
“rand a large (D and except tor some marginal activities. vers lutheotiat 
somvested om uninersaties. There has been some consideration einen to 
providing mcentives tor cooperative research ventures woth universities 
through a rcambursement schedule. 

Finally. there is a need to improve science technologs and information 
services to the private soa ton Manas col bn TELajend Phew fee Pasneodeomies that have 
emerged since the second World Wan through mvestment on deters 
spon) and tee hinncohows Abe itapout too thee private scat We brave romeanized 
the Defense Documentation Conte: and now call uthe Defense LDechnical 
Information Conter. to reflect us role ano tung together all of th 
Mfonmation centers within the Department of Defense. We expect it te 
emphasize the establishment of data banks and management information 
centers and other such services. Dhese capabilities must be linked wath the 
National Dechnical Information Conte: and the Labrars of Comeress. [tas 
necessary too provide much more cintemmetung of national information 
comters for the universities, the academic communis and oidusis at hare 
We will be working vers hard dure the next vear to establish an 
formation base for sach programs os manulacturng technolo... human 
behavior and VEESK 
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premuses that the Federal Government ought to do somethin: 
additional research in these disciplines 

Phe first question that might be as Why establish a cooperative 
program to accomplish this objectives Why not, for example, pust beet up 
NSF support ino these disciplines: Well, T think that there are two 
Important reasons why a cooperative program tnvolving the industry as a 
partner with the Federal Government is appropriate and desirable. First, it 
is an equity consideration to the extent that advances in these disciplines 
will advance automotive technology. The research will contribute to the 
purposes of the automobile industry. Consequently, members of that 
industry ought to contribute to the support of the program. Second, very 
active participauion as a member in a cooperative program will provide 
important benefits of an educational and consciousness-raising Character 
to industry members. 

The second reason, the educational benefit, 1s also the rationale for the 
participauon of the mission agency associated with the automotive sector; 
namely, the Department of Transportation. By participating in the 
planning and monitoring of this research activity, the personnel in the 
Department of Transportation will enjoy the same educational benefits 
and advantages that the members of industry do. 

My colleagues on the panel and I have discussed this matter at length and 
from it we have synthesized the following general policy statement: basic 
research in the engineering disciplines underlying the technology of an 
industrial sector that is important to the national economy is a suitable 
topic for a cooperative research program involving members of that sector, 
the associated government mission and research agencies and, as the 
principal performers, the nation’s academic institutions. 

Now, because the Auto Program is a program of basic research, many of 
the issues related to the inherent conflicts in perspective between industrial 
and academic institutions could be relatively easily resolved in a fashion 
that is particularly agreeable to the academics. The time scale for any basic 
research is, by definition, long-term. Proprietary considerations in basic 
research are not generally substantial, and consequently the wide and open 
dissemination of results is not a problem. I should think that these 
considerations would make the nature of the Cooperative Auto Program 
particularly attractive to academic institutions. However, the relative 
absence of proprietary content implies relatively little direct opportunity 
for the achievement by industrial participants of immediate commercial 
advantage. As I noted earlier, the benefits that they are expected to derive 
from the program are substantially educational. Generally, I do not think 
that this benefit is construed by industrial organizations as sufficiently 
valuable to warrant the underwriting of the total cost of such a program. 
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That is why it was necessary for the Federal Government to participate 


financially. This gives rise to the second general principle the panel wishes 
to advance. 

We start from a general principle that was stated yesterday by Dr. 
Perkins: that the government's role in Cooperative programs should be 
kept to a minimum. In particular, in programs involving activity that 
uluumately can create proprietary benefits, the government's role should be 
restricted to the start, and it should pull out as soon as possible. However, 
in cases where the interest of industry is not directly served to a sufficient 
extent by the cooperative program, but a distinct national interest is served, 
It appears appropriate to us that public tunds be considered as a legitimate 
contiibution over the indefinite term. We also believe that indefinite 
federal support imay be appropriate in ventures with highly fragmented 
madustics, which melude large numbers of relatively small industrial 
participants and do not provide enough meentive for such small plavers to 
fully underwrite the cost ofa generic technology center. forexample. Haitis 
nthe natronal interest to toster the technology in this industry. we argue 
the legiumacy of indetinite tederal support. 


BIOGRAPHICAL NOTE 


Miro Howard | Dugott has been administrator of the Department of DPransportation s 
Research and Special Programs Administration since 1979) Brom 1979 to L979. he served as 
chief of the Handling and Stability Division and then as associate and deputy administrators 
tor the Transportation Departments National Highways Pratt Safety Administration 

\ graduate of the Stevens Institute of Technolog, with a BOS. in mechanical engineering 
and an M.S. in physics, Mr. Dugott was awarded the Administrator's Award by the National 
Highways Trattie Satetys Administration in 1976, and the Research and Development 


\chievement Award by the Department of the Army in 1973 


Dr. Kent F. Hansen 
Associate Dean of Engineering, MIT 


The statement of purpose in the brochure for this conterence asserts that 
“there has been concern that our national resources are not being 
effectively uthized in advancing technological innovation and industrial 
productivity.” This statement reflects an implicit set of values and a set of 
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social objectives which have, in tact. not been addressed by this conference. 
My personal policy recommendation deals with an examination of the 
relation between these objectives and the mechanisms that have been 
suggested to achieve them. 

Listening to the speakers vesterday and today, detected in ther remarks 
a number of unspoken assumptions about the means of reaching these 
mnovative and productivity goals. For example. some have suggested that 
more innovation will follow trom = the establishment of Cooperative 
Proverals, that innovation iself will be good lor the United States 
economy, foremployment, for balance of trade. etcetera. Tt has been stated 
that US. industry will be stimulated to mmnovate uo the Federal 
Government adopts certain policies, such as tax incentives, basic research 
support, generic research centers or depreciation allowances. Yet, with the 
exception of Dave Noble, who spoke vesterday but was noton the program 
isee discussion, Panel TH, ced | Thave not heard anvone make allusion to 
the set of social values which, in turn, imply aset of social objectives out of 
which are derived a set of social programs. T think that all of us have an 
mph. at notan explant, set ot these values and objectives. Furthermore, 
we have our own implicit models of how the system works. With these we 
then formulate the policies thatare necessary to prodiice the objectives that 
we seck. , 

Collectively and individually, we all sometimes have experiences that 
make us think that the real system and our model are not closely related. 
For instance, in the 1950's and 60's there were massive urban renewal 
programs iourcities. Phe set of objectives, the model and the policies that 
were used to produce these progiams are not now viewed as appropriate by 
urban study analysts tor this decade. Very tew of those programs are 
considered successtul. Another example is in urban transit. | have lived in 
the Boston area tor thirty years. In that interim T have found that the time 
required to go from point A to point B has staved constant. Thanks to 
urban transit programs, the loci of trattic jams have shitted all over the city: 
vet these programs have not helped me get from A to Bany more quickly. 

lam not arguing that these are trivial problems which could be solved 
with the right policies. They are very complicated problems, and 
sometimes we leap to solutions before we understand the problems well 
enough. These experiments, if not failures, are certainly mot successes. 
They suggest that we would do well to pay more attention to and be more 
explicit about the links between our values, our objectives and out 
programs. For instance, with regard to innovation and industrial 
development and the like, there are some questions that we might address 
parallel to carrying out the programs that have been suggested. 

For instance, how much is known about the relationship between the 
dollar volume of research support and the generation of ideas? Are they 
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proporuonal to each other? Are they inversely proportional’ Is the 
generation of ideas independent of the amount of money spent on 
research: Lhe answer to that Question has some bearing on what policies 
we follow. 

What is the relation between the growth of scienttic Knowledge and the 
growth of technology and invention? Do we have enough science base 
sitting there throbbing, waiting to be exploited by technologists: Do we 
have an inadequate amount of science? Is our technology held back by a 
lack of science and not by a lack of engineers: Again, the answer to that 
question ts crucial to the policies that we propose. 

What is the relauonship between economic growth and innovation? I do 
not know the answer to that, but I think it is important. Does technical or 
economic progress develop because of a few giants, or does it move because 
of many small advances? 

What is the time constant for the exploitation of science into 
technology? Historians have suggested that much of the industnal 
revoluuion in the nineteenth century was a result of seventeenth-century 
developments in mathematics. That implies a two-hundred-year time 
constant, which suggests that this conference is dealing with the welfare of 
twenty-second century citizens. On the other hand, perhaps the time 
constant itself changes with time, as a result of greater knowledge and 
information. Is this true? Who among us has the foresight to know now 
what science is needed to produce the technologies which would be 
desirable for our social objectives? Who among us has the foresight to see 
the social consequences of the new technologies we advocate? The 
questions of this kind are almost endless, but these few serve my purpose. 

I suggest that, in conjunction with the cooperative programs that have 
been mentioned and will undoubtedly be carried out, we also carry out a 
parallel study aimed at clarifying our objectives. We should conduct a 
study that will provide a more explicit mode of the government-industry- 
university system. Such a study will provide vehicles for testing policy 
alternatives to gain some insight into how the system truly behaves, and 
will also serve to point out areas of specific ignorance which have high 
leverage. Thus, my policy recommendation is that we try to develop a 
means for the nondestructive testing of the policies that we recommend. 


BIOGRAPHICAL NOTE 


Dr. Kent F. Hansen received his 8.B. in physics (1953) and his Sc.D. in engineering (1959) 
from the Massachusetts Institute of Technology and has been associated with MTT since 1959 
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in vartous capabilitnes, trom research associate to professor to fips prescnt posthionh as assoc hale 
dean of the Schoolot Fnginecting. Prolesstonally unterested an a wide range of subypects. trom 
ninclea reactor theory and mathematics to cnemecnne education. hers oo merber of che 
Society tor Industial and Applied Mathematics, the Association tor Compautine Misc hanmers 
the Amerman Sacer tor kneameennme Fducation. and the \merioan Nuclear Soci. Dh 
Hansen has tho served rs Compstat FO Vannes Pore any ions tn huciney t et OS) Veterans 
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Mir. William H. Wetmore 
Director, Intergovernmental Scrence and 
Public Technology, Division, National Science Foundation 


There are four recommendations that T wall discuss. 

Phe fist may be an issue to consider rather than a recommendation, 
because Tam not sure we have the necessary information from: which to 
make a recommendation. This issue deals with the tact that most 
supported research is ino one of two classes: either proprietary or non- 
proprietary. The proprietary information ts usually kept very close to 
home, and many times itis the nonpropnietary information thatends up in 
the cooperative research centers. This makes us think that possibly the 
most unportant research as that which is not vet exposed. However, for all 
of the night reasons, proprietary work is not supported in the CoOperans¢ 
amrangements, which raises the question of the potential use of public 
funds for proprietary research. Thais turther rarnes all Kinds of issues 
concerning protections and responsibility, and f do mot make a 
recommendation. [leave the question open tor debate. TEsome stimulation 
through partnership can be achieved, what might be the opportunities to 
public support? 

Second, we have in this country a rather significant base of professional 
engineers who provide extensive technical services to) small and 
fragmented businesses. | think that we, in any federal program, want to 
take reat care to tbsture that any technical assistance comme trom the 
Federal Government does not encroach on the economic base and the 
LOW th of these professional CHRMCETS, Lhe goveThniment should do all that 
Wocan to insure them economic development and the increase of then 
economic strength. T would propose that we consider recommendations 
which protect the private sector in its delivery of technical service, to insure 
that federal centers only act in areas which preserve tae ability of growth in 
the professional engineering Community. 
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Phir, we have heard trequently that the agricultural model offers an 
analog that might be very helptul in determining policies and practices in 
the industrial sector. For the past two years the Foundation has supported 
some activities involving work with industries in all classes. such as at the 
University of Arkansas, using much of the analog trom the agricultural 
extension program. At the same time we realize that there are important 
and unique differences between agriculture and industry today. Much 
more needs to be learned in this area. As soon as there is data that might 
shed more light upon the appropriateness of the agricultural model, we 
will do all we can to make it available 

Belore I vow the tourth question o1 recommendation, Tmeed to say a 
word or two about myself. Tam from an engineering background with 
general, pragmatic experience. The assae To will address is somewhat 
mtangible but mot msigniticant, and deals with some of the social values 
that might be attributed to innovation. | believe that attitudes attect and 
dictate actions: any program or action that we take reflects our own 
commitments and attitudes. In addition, the policy recommendations that 
we choose to make reflect our objectives. One objective that T support 
sonely is a change in the attitudes towards the United States” industry. 
We must realize that this industry is important to our standard of living, 
and to the tax base upon which our local, state and federal governments 
operate, Without this strong base we run into the persistent problems of 
inflation and unemployment. Recognition of the importance of U.S. 
mdustiy is somehow getting blared, and T think that itis important te 
realfiom at. Phat ties in very closely with the stamulation of some action 

foday, Tosee oa lot ot polanvation and adversary relationships: 
government versus midustry, sometimes midustry versus universities. Phere 
isa degree of tension that needs to be recognized, but the situation ts not so 
serious that steps cannot be taken to improve it. Although there have been 
some fatlures, TP think that U.S. industry has done a good yob. The same ts 
truce obuniversities and of the Federal Government. But there ts a @reat need 
fo recognize Opportunities and to tind the basis tor tuller Cooperation. It 
seems clear to me that this would be in the national interest. 

Pam encouraged but cautious. It has taken us a while to get into out 
current situation, and To think we all realize that the solution to ou 
problems will take a great amount of patsence. There is a tairly long road 
ahead and the time constant may be longer than many would like. 

My policy recommendation is that we continue to fund these cooperative 
centers and that we recognise that OPporlunities are there not only tor 
research per se, but for the institutions involved 

It seems tome that a better understanding and the desire to Cooperate ts 
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more extensive at the present time than it has been previously. So T wall 
close on that note, and emphasize that atuitude and desire and commitment 
are the strongest foundations tor making these programs more etfective. 
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Dr. Damiel C. Drucker 
Dean of Engineering, University of Hlinots 


Let me review this diverse set of policy recommendations. 

Phe recommendation to industry, but not necessarily to all industries, is 
to maintain a continuous physical presence at the university Cooperative 
research center. 

The recommendation to government ts to foster interaction among 
industry, the professorial staff and the students on the campuses by 
funding that requires joint activity. 

Another recommendation to government is to couple research and 
development efforts and, in the jargon of the trade, to use 6.1 and 6.2 money 
together, as far as one can, to enhance the interaction between research and 
development. 
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lias also suggesied that government agencies pool resources: DOD. ton 


example, can work through the NSE. 

\ recommendation to the universities is to bring the schools of 
engineering and business together to address. through educational 
programs, the education of students to participate im the process of 
entureprencurship and mmnoyaiton 

We recommend that the government use funding to bring the mission 
agencies into the technical picture ina knowledgeable way. when thes ar 
not the consumers of the research. 

We recommend that there be brief seed tunding to get things started 
when there isa high proprietary pay-off, and the withdrawal of federal 
funding as soon as the centers become operative. On the other hand, when 
there are industries that are fragmented, when the social gains are much 
greater than the gams achieved by the mdividual mdustries and when there 
isono prospect for suttraent financial support from those undustries, one 
should consider tederal tunding on an undetinite basis in order to serve the 
publi good. Such tunding is to be. however. promaniy in the area oft 
fundamental research and notin the area of development. 

Ii has been suggested that the models we hold im our minds may or mas 
ryaot correspond with realitv. and that we should conduct a critical 
examination of these models: a sumulation and study of the total svstem, 
i luding the economic, sociological and technical bases of our values on 
obyectives, and the linkages between them and the programs that we devise. 

We recommend that cooperative research centers be designed to 
complement the activities of private consultants and research institutes, 
and not to duplicate or interfere with these activities 

Qur last suggestion as that we create proper atutudes through 
cooperative rescarch. Even it the research itsell is not that significant, the 
change in attitude might in itself be an important outcome 
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Jenny Weisbach ih thar the question of government support tor 
poPCopor be tars researc was tmmentioned Wwice I hiss isa well established 
practice in Belerum. where an organization called IRSTA bs set up to tind 
research. [tas based on the principle of giving a companys allot the patents 
and letung at keep allot the technologs thatresults trom the research, as 
long ast builds Belgian industry and provides yobs in Belgium. Full 


grants are awarded, and no questions asked! Lam not sure that the attitude 


towards industo om this countrys even allows discussion of that haved of 
progiam. Butom certamlsy works for the Belgnins, and thes and other 


lorcign countries are running us into the ground 


Daniel Drucker: As vou point out. there is a problem with the atutude of 


many people in this country, which must be baced 


Steward Flaschen: Mas T tollow up that question and ask the panels 


opinion on the assue of financing mmmovations After the cngmeers and 


screntists have done then pob and dome a well, this may be the greatest 
problem to the tumely introduction of an innovation. Phe problem is not 
in finaming R&D budgets, but in financing the capital budget, and at)sas 
much aproblem toruniversities as itis tonimndustry. Phe capital budget can 
run trom ten to titty or more tumes the R & D budweet. when the innovation 
would make obsolete a plant, production equipment or existing tooling 
We are in an untlationary penod, and the cost of capital tor dome 
something new ina plant ona university is an extraordimanis difficult 
problem that can slow down, deter, and even postpone very good 


mnovative ideas. Does the panel have some comments on that’ 
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Di. Drucker We made a list of atew topics we thought should be « plored 
but for which we did not have even preliminary policy recommendations. 
One of these iy the capital formation question: another is the tax incentive 
issue. Dhe thad and Last iw the question ol whether centers should be 
etablished in industuics rather than universities. 


. 
Di. Flaschen: The Japanese model is a very mitcresting one. in which the 
government and the banks have combined to make the cost of capital tor 
INNOVAHON Vers attractive to Japanese mdustry 


William Wetmore: We did discuss vartous models. Pthink that we all hive 
seen. a lot ot cases, several in detail, in which an industry has been analy zed 
and new, extremely attractive solutions have been found. However. as sou 
say, the Cost of Capital and the need tor mew equipment pro luded adoption 
obnew technology. We have seen that many times inthe textile and poulty 
iIndustuies. Over half of the protem comsumed in this count now ts from 
chicken, from poultn. and we need mew mindustnial growth there. But the 
mdusty as getting highly automated, and hasn't got the capital to make 
thre changes required 


Bill Buckles: T would like to come back to the scenario of research in 
government, universiy and undustry. Pharken back to the call tor values, 
and the one term that has been missing or skimmed over which needs to be 
mx luded is the word “treedom.” This country was built on freedom. and 
those of us who are involved ino research know the ITDRp nL ania onl the 
freedom to explore. Almost every research director im companies that Pv 
talked to will sav: Well. our good work was accomplished because we 
were willing to hide it from corporate management.” The academicians 
have sand: “Tha kid has an idea, he or she has got three vears to finish it.” We 
know that three vears ts a short tume. DPhe government hands out boobs 
prizes tor people doing exploratory work. We need to face this and face 1 
vers sernously, and T have a tew suggestions. 

Jthink thatthe NSF should reconsider a bit the decision to pull out of the 
Polyiner Processing Program. It was a seeded operation and the seeding 
was good. This program is working, and the seeding tunction, which 
allowed things to grow treely without setting a lot of demands, provides 
heedom to explore. 

My other observation concerns the critical importance of inflation. [tts 
enhancing the three problem areas of greed, rmpatience and tear, and in 
doing so ts affecting all of society. T think that the NSF could do a lot ton 
research by focusing its attention on reducing inflation, which might 
include reducing funding of mayor programs -- we all Know thatitis allon 
borrowed mones. anvhow. 
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John Thompson: You suggest that the Federal Government should chip 
ina bi more. particularly tethe R& Doenters. But trom my spectator s seat 
Ihave noted thatthe total spenton R & D here mi the Suates rs pust over Sov 
billion pet Veal, eteatet than the total spending A cihe Germans o1 
Japan. My question is. if ten .umes the amount penton Ro& Dos nor 
cnough to keep us head of the Japanese and the Germans. what makes vou 


think that spending even more will do ite 


Di. Drucker: One of our ditincultes, and perhaps one of our ads antages. is 
that much of R& D tunding is spent in the military sector Spin-otf bias 
occurred and does occur, but ao omas or mas not be helptul at any given 
Linnie 

In JUESTECE Le TEEN COMTRP RATT TOES cont thic pratne lowe really were discussing 
more “Ro than “D. When vou talk about (Ro and especially Ro onthe 
university sense. the amount of “Dis motreally vers Lares. Logue vou. 
rough puture of the paucity of research support un umimersities. in 
chemusury, tor example _ about one out ol tour university researchers & 
supported ino this country through the NSE and similar agencies. In 
enginecting, the figure ss only one out of sixteen. Mi own assessment cl 
must notindelude the panel here) is that we sulfer from a severe shortage of 
what one would call the tundamental information generated by research 
Lhe problem is not quite so acute at the engmeciing scrence level, but itis 
severe at the engmeenne subdiscapline level, which os still below wher 
mdusty cancasily pr k auapand mmmovate on itsown., Much ol what we ar 
discussing here in the cooperative research oreais at that level ot research. at 


requires cooperation to be developed and utihived 


Walter Abel We see so much technology simply sattung there. which 
drives me nuts. PT blook at divisions which are not using the mew. existing 
technology. Phatius why T have gone trom one end of the spectrum right 
down to the other. [believe that we must eet a base builton which wecan 


better use technologs 


Mir. Lhompson: NASA. T believe. os currently sitting on something like 
HOW0 adeas. mans of which have alreads been prate nied. But of all these, 
burt ly Iwo pute ni brave bee hit \plonted bv anv 1 bv \ itt all sitting if 


files somewhere, and most of them are polly @ood mleas 


Di Drucker Again. thisasthe wrong end of the spectrum. As David would 
tell vou. at does not do me any good to ment something for vou to tise 
However, op does do sou good at base tundamental mtormation is 
available tor vou to pick up and use. Tt depends upon the mdustiy. of 
course. But once something is invented, the question of whether itis then 
worth exploiting is a very ticks Commercial pout 


bisi ie % Fawi LADLE 


Manin Goldberga: Whs must we have a Cooperative Auto Research 


, } ? 
Program at this tine 


Howard Dugoti: Well, IT thought that T answered that question im ms 
prepared remarks. but Pwallurs to reaterate what | said. and perhaps vou 
can draw me out it ut does not do pustice to the question 

Dhere ave three premises. [tas an article of haath on the rationale tor the 
CARP program that the enhancement of the base of tundamental 
hnowledge in the engineering subdiscipliunes related to the technology of 
the automobile will ultomatels lead to advances inthat technology. Dhatis 
premise one. Dhe second premise ns that advances im the technology of the 
automobile will be socially beneticnal, espocially on the areas of energy 
comservation, environmental protection. safer and the other atributes of 
the automobile that make itso attractive a vehicle tor personal mobility. It 
i fan te sav. however, that cuetes conservation ow sothe diving 
consideration at thos pwr Dhan. the reason why we established the 
Cooperative Program. rather than pust beeting up existing NSE support of 
these enginecting discaplines. mn that the involvement of the ultimate 
developer and the government agency responsible tor polis on that area ps 
beneticul trom an educational stamdpous 


Di. Goldberger: Tam disturbed that this vers. strong. powertul undustrs 
cannot do this by useli./ Wha mot? 


Mi. Dugoll) Histon proves. Dthink. thatthere isnot sulfiient motivation 
from the marketplace to advance fundamental screntitic areas. There is no 
fust-orda commencial benefit for any ome of the automotive 
manulaturers in funding work mn the basics of tribologs 


Dr. Goldberger: You do not think that the thirty percent import of 
Japanese cars mentioned this morning might be somewhat of an impetus? 


Mi. Dueott) No. I do not. TL do not belreve that it makes sense, from an 
mndustrial perspective. to attempt to tight the ide of umported automobiles 
by uncreasing the funding of university research on the basics of tribologs 
or control system theory 


Di. Drucker: There are two separate questions: one asks whether the 
research os needed, quite apart trom who funds a. The answer to that is a 
clear ves. The body of Knowledge, which T have called the engineering 
subdiscipline, does mot exist. Aso plivsicist by aiming, tomay be difficult 
for vou to appreciate that the amount of effort one needs goes up as he 
moves towards the development side of the picture. The amount of effort 
one needs in basa scrence ts so high, on what we callenginecring science ts 
much higher. in the engineering subdiscaplines its ever so much higher, 
and soon. But the relative effortin this country in these areas has been the 
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midasties will be on competitnon. How can vou have stabilin of tunding 


smal pool) so carats Thal cite tlie ate Tx yc. vitine them thiut Kom of rvalts 
oward them onsctutions (whachoo apparenth Lanly sarong om japan) and 
athe same time phase pro@iams out and use soed mnomes for mew VottuteEs 


Niv) Wetrnncore An example of stable tundimmeg i the Poly oet Conte here at 
Vill Iheve was a tive-veur award eranted all at once m 197 1 tyes 


commitment provided stabalins We have chome that oun othet cases. and we 
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commitmenm trom mdust and uninersin ow building. In some cases ut has 
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in toderal support 


Dy. Bilello: One of the wenthoamen mentioned some of the reasons tht he 
did research overseas at a number of unmersitics Evers one of those 
universities has had techincal support im unstitutes tora hundred vears. In 


this ven. T have not heard anvone discuss the EPRI model. Whe not: 


Dy Drucker: We did not talk about the EPRI model. but of Course at ts 
something like the automotive model There was external pressure 
appled: in the case of EPRI, through 4 tax proposal by Magnuson. The 
EPRI model was not a voluntary model. It was a defense by the undustrs 
waist the government. which os alltothe good. We would welcome other 
mnitators of EPRI. Loa certam extent, the automotive mntiative builds on 
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PANEL IV: Summary Session 


Participants: 
Dr. Marvin L.. Goldberger, Chairman 
The Honorable Wes Watkins 
Dr. Edward E. David, Jr. 
Dr. John H. Gibbons 
Dr. Richard M. Cvert 
Mr. Norman L.. Greenman 


Dr. Marvin L.. Goldberge 
President, Calitormia Institute of Technology 


Phis conterence has been so tar pretty much a love-in; everybody here 
believes in cooperative research, Only Protessor Noble vesterday had the 
temerity to raise some heretical questions, as referred to by Dr. Hansen. Ts 
there an implementation gap? Iso, is that what is Causing the drop-off in 
productivity: 

Iam concerned about one aspect of this otherwise beautifully organized 
conference. That is the absence of certain interest groups that I think 
would and should have been here, because they all have a considerable 
involvement in industry, university, and government research activities. 
As far as IT know, there is no represeniation trom the areas of computer 
science, Chemistry, biology, geology, economics, enterprise and public 
policy. One other observation: there ts an extraordinarily small number of 
women in the audience. Phat is a problem that all of us in technical 
universities are tremendously concerned about, and IT gather that the 
problem must be equally severe in the technical indusines and that there 
are very few women in higher management levels. 

Historically, there has been a considerable fear in the academic 
community that federal support of research in universities would lead to 
the loss of what is sometimes called “academic freedom,” and would force 
growth in those universities in the areas that received the largestamount of 
research money. There is a tendency to go where the money 1s. 
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Phere were, fortunately, some examples of extraordinarily enlightened 
government agencies after the war that began to tund research. Noteworthy 
among these was ONR: another was the An Force Ottice of Screntitic 
Research. Toonce had a comtract at) Princeton that was entitled 
“Fundamental Aspects of Dheoretical Physics: vou couldn task for much 
more freedom than that. 

Tthink that, on the whole, these agencies have done an extraordinarily 
good job. President Wiesner vesterday commented about the tact that there 
has been some tendency im recent vears to say that vou have a certain 
quantity of money, and that this ts divided up in a relatively unitorm 
fashion. Phas has caused some criticism because “elitism” is considered a 
bad word. But, be that as it may, government-supported basic research has 
been a tremendous success by any measure. Itis probably worth noting that 
one of the reasons tor the enthusiastic support of research in the sciences 
was the smashing success of the scaentilic Community in World War TL No 
matter how much we protested to Congress that a 900 GEV particle 
accelerator had nothing to do with building weapons, they would not 
believe us. Untortunately, TP think that thes are now beginning to believe 
Us. 

Now. as we contemplate a greater involvement between industry and the 
university, PE think we have to pay attention to some of these issues. Support 
of basic research and education ts regarded as a public good. Phatis one of 
the reasons why the government is prepared to support these. Ltrs mot atall 
Clear that industry as a whole tecls the same way. We have been concerned 
here about the advantages that might accrue to industry and to the 
university and ultimately to the country by increasing Cooperative 
university-industry interactions. T have considerable concern about the 
impact of this increased collaboration on the traditional role ot the 
universities, Which has always been the creation, storage and transmission 
of knowledge. H Twere completely convinced that they were a good thing, 
and Tam not as vet, PE would personally approach something like Mr. 
Haynes’ Cooperative Generte Technology Centers with some caution on 
our campus because of the effects that an effort of the contemplated size of 
the centers might have on a small institution. T can see ways in our own 
particular case, because of the presence of the Jet Propulsion Laboratory, 
that Timight be able to work it. But these centers at universities may very 
well not be evervone’s cup of tea. We must not lose sight in the universities 
of the need for the single-minded and relentless pursuit of basic science. 
Mavbe the most effective way we can contribute to industry, to national 
defense, and to the wellare of the Country ts to concentrate our efforts on 
producing the very best tained people that we can. We must provide a 
broad enough exposure so that our students can move freely into industry, 
into law, into medicine, into a whole variety of subjects, and not be forced 
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into a particular mold to make them peculiarly useful for industry. Phe 
universities have been an extraordinarily successtul imstitution om this 
country, and T think that when we tamper with them, we are taking a 
chance. Lam not arguing for the status quo; universities have to change 
like other institutions, but they should change caretully. 

I want to close my remarks by skimming a tew Comments from a recent 
arucle by Lewis Thomas that appeared in that obscure pournal, the New 
Eneland Journal of Medicine. Lewis Thomas, whom some of vou may 
Know, isa very wise and thoughtlul man who has written some beautitul 
books. He argues that there is some danger that we are not depositing 
enough new information in the research bank im our efforts to meet 
current-day societal problems. Even im the kinds of research that are 
properly classified as basic, the expectation is that short-order results can 
be obtained. It it looks as though they will not come quickly, the research 
tends to be put aside, because we have got to write a grant proposal tor the 
next vear’s support. tis Thomas's feeling, and Lagiee with him, that there 
is no longer the driving force in the screntilic enterprise that there was 
during the productive 1950's and 60's. No one in the Community of 
working screntists or in the bureaucracies governing the support of science 
is willing to run the risk of being wrong. If things go on this way, the 
country’s basic science efforts will come to a standsull and the bank will be 
empty. Finally, Phomas says, “...perhaps the industrial community 
should step in now before itis too late and assume thei share of financial 


responsibility tor the future of basic science,” and he puts in an aside: 


‘mot yust biomedical science but science in general, not philanthropy, 
not any sort of noblesse oblige.” Nor does he suggest that the amount of 
money should be anything like the scale of support for scrence that comes 
from the Federal Government. 

I personally feel that about two percent of Corporate profits would not be 
an unreasonable amount to contribute to the broad support of education: 
not yust scrence, but education throughout the Country. TP think at as 
important that we explore new mechanisms for the imvolvement of 
industry and university. For my own institution, these mteractions are 
much more likely to come on a person-to-person basis. Usually, there ts a 
need lor work recognized by someone inan industry who becomes aware of 
a particular line of research that is going on in chemistry or biology. We 
have examples of this where we have a fraittul collaboration already with 
industry 

“Center” tends to be a dirty word around Caltech. [tis nota dirty word 
around MPT. TP think there are twenty-three centers of one sortor another at 
MIT. so Lam presenting you with a somewhat contrary point of view. 

There are problems which have been underscored, and T hope will be 
brought up further in questions during the discussion, having to do with 
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patents, proprietary rights, traditions of secrecy and the desire on the part 
of the universities to publish thei results imstanth. All ot these have to be 
dealt with. As T commented vesterday, at least in one case, in our Silicon 
Structures Program at Caltech, all of these problems have been disposed of. 
And Tthink bs working together and thinking about them we can have an 
ellective: marriage. But there will be different models tor different 
INSUILULLOnS. 


BIOGRAPHICAL NOTE 


Currently the president of the Calitomnia Institute of Technology, Dro Manin LL. 
Goldberger has been very active fom mans years as an advisor to Various government agencies 
op national security atlas He was one of the founders Gm 1999) of the Jason Group. 
orginally associated wath the Institute tor Defense Analyses and now with SRE International 
This group ot about thanty-tive. Composed mainly of physicists, works for the Department of 
Detense and other agencies on both cLassitied and unclassified problems involving advanced 
technological concepts. He was a member of the President's Science Advisory Commiutice 
from 1965 to 1969 and a long-term member and ultimately Chavman of ts Strategn Military 
Committee. He was chauman of the Federation of Ameri an Scientists during 1972 and 1973. 
and a member of the Ford Foundation - Mitre Corporation study, Nuclear Power - Issues and 
Chomwes 

Di Goldberger has been heavily anvolved in international screntitic affais. From 19638 to 
1904 he waschanman ot the High Fnergs Physics Commission of the International Union of 
Pure and Applied Physics DUPAP) and tor several vears was a US. representative to TU PAP 
In Mays 1972. he headed a screnutic delegation to the People’s Republic of China which 
ananged tor the first visitto the US. of a group of Chinese screntists in December 1972. He 
returned to China an July 19735 as head of a delegation of US. physicists 

Heas the author of about 190 screntitic papers on a wide variety of subjects in theoretical 
physics: nuclear physics, plasma physics. theory in intensity Comrelations, reactions among 
elementary particles at high energies, Sematiix theory and quantum field theory. He as best 
hnown for his work onthe theory and application of dispersion relations to problems of weak 
and strong interactions and tor his monograph (wih KOM. Watson) Colliscon Theory. 

Hes atellow of the Amenecan Physical Society and Currently vice-president elect, a tellow 
of the Amencan Academy of Arts and Scrences, a member of the National Academy of 
Sciences, and ao member of the Council on Foreign Relations. In 1961, he was awarded the 
Dannie Hememan Prize tor Mathematical Physics 

Di. Goldberger received his Ph.D. in physics from the University of Chicago mn 1948 and ts 
the holder of two honorary Sc.D. degrees trom Carnmegie-Mellon University and the 
University of Notre Dame 
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Phe Honorable Wes Watkins 
United States House of Representatives 


I would like vou to know that Tam a businessman who went olf to 
Congress. Before T was a Congressman, T was a frustrated businessman; 
now Tam a frustrated Congressman. [am trom rural America, from small 
ciuies and rural communities. Big industry was not there to help us when I 
grew up, but that trend is reversed now. Phe government has done much to 
provide assistance to rural America. 

A gentleman earlier talked about freedom, and I know exactly what he 
means when he talks about freedom. Tax freedom, regulation freedom and 
other areas must be addressed if we are to increase productivity. Anothet 
question was, why do we want to spend? Could it bring better results? It 
depends on how the money is spent. am a businessman and I believe in 
investments. Much of the technological information that this country 
produces vields six dollars return tor every dollar invested. That is good 
business. Some of the technology transter produces thirty dollars return tor 
each dollar invested, and that is good business. 

Dr. Goldberger mentioned certain groups that were absent trom the 
conterence, and T would add one other group, the small businessmen. 
Small industry ts absent. Fifty percent of the major new inventions Come 
from small businesses. What does that say about our universities and the 
major research and development divisions of our major Companies? Maybe 
there should be more dollars from the government going into innovation 
centers that would become the R & D divisions for small business and 
industry. An old saying that I learned on the farm a long time ago goes, “A 
crisis is the mother of invention.” If vou are out there on the firing line, vou 
start looking tor a better way to build a mousetrap. 

I suppose that if I had to ttle this address, it would be “What 1s 
Innovation?’ We know where we are going; we are trying to decide how to 
get there. I serve on the Science and Technology Committee inthe 
Congress. Overall, I think that the outlook for cooperative research and 
innovation is great. There is discussion taking place here in America about 
the need for cooperative research and innovation. You may not hear those 
terms, but you hear the public talking about double digit inflation, the 
balance of payments and the record-breaking deficit that we had last year. 
You hear the public talking about the fact that productivity ts way down in 
this country. The public is clamoring for action. 
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You may be wondermme why a Congressman from rural Oklahoma ts 
here. Pam trom a rural, economically depressed area. T have devoted my 
adult lite to building pob opportunities. Phere are two ways to build yobs. 
Maybe your plant or industry is expanding. Many tines industry will not 
goto a rural area that is depressed, with boarded-up windows and grass 
growing in the streets. Phe company presidents say, No, we can go into 
10.0000 places where there are industrial parks to locate industry.” 
Sometimes the government is willing to do more than industry to get a 
region on its feet, and im some areas government help is necessary. But 
there as a second way to build yobs. Phatis through immovation: giving 
bath toindustry, it vou please. TP believe this is very important. You must 
answer two questions: is i technically feasible to build that new product, 
and is the product marketable: Tf vou answer those two questions, and mix 
a little management and tinancing with it, vou can get out there behind 
thatempty, boarded-up building and start growing. Ninety-four percent of 
the people who lett my area in the Okie-Arkie westward migration right 
alter the Dust Bowl said that they would return if they could tind a 
comparable ob back home. But they Cannot come home because there are 
no jobs. kighty-tive to ninety percent of them go off to college, but only 
flour percent ol those with educations return. Phe rest cannot come back. 
Phatas why Tam interested in productivity and jobs. 

Congress has formed an ad hoc Task Force on Industrial Innovation 
with twenty-four congressmen as members. Not long ago we had a 
colloquy in the House on national PV by satellite. twenty congressmen 
participated in a discussion about) productivity, and the need ton 
mnovation. The House Science and Lechnology Committee, on which I 
serve, and the Science and: Pransportation Committee have held extensive 
hearmmegs, examining the barriers to mnovation and the need tor Changes in 
public polis to promote cooperative research. We have prepared several 
pieces of legislation that Pwill mention later. Lam optimistic, but Congress 
already has a crowded calendar. [tas election vear and we have to go back 
and be reelected -- unfortunately, [have to run for office evers two vears. 
You cannot expect a lot of legislation Coming out this vear, but T would 
like to discuss the specific legislation for innovation. 

hirst, | would like to talk about the President's Innovation Initiatives 
that we funded in the FYSE budget. These include approximately eight 
million dollars for three new Generic Technology Centers in’ the 
Department of Commerce (DOC), and an additional $2.6 million for at 
least one generic center and one or two mayor technology innovation 
projects within the NSF. Ten million dollars was appropriated for small 
business innovation, and almost thirteen million more for NSF's industry- 
university Cooperative research program. These are not all new programs; 
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some were already funded in FYSO. but there are mayor mncreases mn some 
areas. We will probably authorize some of these programs and we will 
probably offer a hitth more directhon in the area ot small business 
Innovation. Pwill probably be asking the NSE. and may even propose 
amendments, to set aside some block grants tor innovation coemters so that 
small businesses can work with them. Most small businesses do noteven 
know that thes can goto the NSE tor help, certamly mot un mas part ot the 
country. Sometimes a small businessmanis overwhelmed when he tres to 
work throuch one ob these thines When he tries to vel through lw 
Washington and back. he usually pust gives up. But if we had the block 
eranto within ano mnovation center. small businessmen could come and sit 
down with the engineers and researchers and technicians. Innovation 
centers can stimulate these proposals. Most of the money that the NSF ts 
asking for can be pustified, and Pthink thatthe authorization process will 
leave i imtact, subject feo CPatnaine in thie APP lOPLLabbOn Process. 

President Carter also established the Corporation) tor Innovation 
Development (CID): one in the urban area and one im the rural area, 
patterned after the Connecticut Product Development Program and Great 
Britains National Research Development Corporation. They would loan 
seed money to help develop new products or processes. Phe Commerce 
Department set aside $750,000 in FYSO tor cach one of these, and proyects 
funding of at least $2,000,000 for cach of them in the 1981) budget. T predict 
that the moneys will be there 

President Carter called for changes in patent polioy which TPT think 
represent steps inthe right direction. Phere are several patent bills pending 
In) Congress. Phe cloakroom talk is that Congress will praiss the Dole-Bayh 
Bill in the Senate, a watered-down version of what the President secks. It 
provides patent ownership, but only to universities and small businesses 
which develop patents as a result of federal R & Dcontracts. Phas bill has 
been reported out of Senate Committee and ts currently pending betore the 
full Senate. 

The House Scrence and Technology Committee will be considering the 
Filel bill, which is more in line with what the administration ts 
requesting. The Frlel bill is similar to Senator Schmitt's billin the Senate, 
and would allow all federal R & D contractors to keep patents to any 
discoveries made in the course of Ro & D> projects. The Scrence and 
Pechnology Committee will report out the bill this spring. However, we 
are going to have trouble in the House because windtall protits are a big 
issue and some people think that this bill results in windfall profits ton 
industry. 

I would like to mention a piece of legislation [introduced that might be 
of interest, the Domestic Technology Transfer Act. We spend about $30 
billion for basic research in this country. Most of it does not have to be 
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justified incterms of how a will benetit the public. As a businessman, | 


always want to know how that dollar is going to be returned tothe public. 
Ii the bill passes, we will mandate a technology transter program whereby 
federal labs with 20001 more emplovees will be required to have one person 
dedicated to tec hnologs transter, who tiles a tec hnologs transter Irhhpracd 
statement for the laboratory's research. Some people might not like that 
particular phase of ut. but Pthink thatatis necessary. Phat legislation will 
be antroduced Later on. 

Congress ts sensitive, concerned and working to increase productivity. | 
Know asa businessman that it we can get tax and regulation reliet we can 
put more money into rescarch and development. But R & D does not exist 
morural Amenca. Dhatas why Pam working tor small business to acquire 
an Innovation Center, We need to start new industries in rural America 


BIOGRAPHICAL NOTE 


Congressman Wes Watkins, Oklahoma's Dhod District Congressman, began serving his 
fust term am the COS. House of Representatives in 1977 wath the Goth Congress. He was re 
elected without opposition to the Goth Congress, becoming the only Oklahoma treshman 
congressman since statehood to be unopposed tora second term 

A native of Oklahoma. the Democratic congressman has turned much of bis acecuion to 
naa development and getting fan and equal treatment tor small towns and rural areas. He 
was clected chaiman of the Coneresstonal Rural Caucus tor this Comeress, moving to the 
CRC) s top post atter only a sears membership in the organization 

Congressman Watkins is sernuing again this Congress, on the PHhouse Comunitteo on 
Banking. Finance and Urban Atfans and the Committers on Scrence and Lechnology. 
assignments he fist drew on the Goth Conmeress. He also has been named to the House Selec 
Committec on Aging and was clected Majority Zone Whip tor che States of Oklahoma, 
Athkansos and Kansas 

Prior to his election to Congress, Mr. Watkins owned and operated a homebuilding fiom 
and real estate agency in Oklahoma. He also served as a member of the OkLahoma State Senate 
and as president of the Higher Education Alumni Council of Oklahoma and has been active 
incivec and community affairs tora number of vears. In 1908, he was named one of the three 
Outstanding Young Men in Oklahoma by the Javcees 

In 1978, he was awarded the national Future Farmers of America Honorary American 
Farmer Degree, the Oklahoma 4-H Alumni Recognition Award and the National Federation 
of Independent Business “Guardian of Small Business Award” and was recognized by the 
Coalition for Peace Through Suength with a “Leadership Award.” In 1977, he was 
recognived by the Oklahoma State University Alumni Association wath its Distinguished 
Alumnus Award. 

Mr. Watkins completed his undergraduate education at Oklahoma State University, where 
he served as president of both the student senate and the student body . as state president of the 
Oklahoma Future Farmers of America, and was named outstanding agiiculture student. He 


received his master’s degree trom OSU in 1961 
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Marvin L. Goldberger: The members of the panel have graciously agreed 
to forego ther voluminous prepared statements so that we may have mor 
time available for discussion with the audience. They may occasionally 
turn to each other and ask questions of cach other, but we will now open 
the floor tor discussion. 


Robert Colton: | would like to challenge the proposition that basic 
research in itself is something that has no important proprictary needs as 
far as business is concerned. I think that the government emphasizes 
possibilities of investigations in basic research because it believes that this 
is one area where no one needs protection. 

I have examined a number of patents in the area, and have realized that 
probably the most important and widest range of patents in the US. are the 
result ct basic research. Therefore, Lwould like the panel to discuss the pros 
and cons of the government defining basic research as something that no 
one really wants protection from, when in fact this may not be true. 


Fdward E. David, Jr: Basic research produces the most tundamental 
patents, and, in addition, the follow-on patents after the fundamental ones 
constitute a portlolio supporting entire technologies. So. Lagree with Mr. 
Colton that basic research is a good source of patents, and [also agree that 
the definition the government uses for basic research seems to muss the 
point. The NSF's definition of basic research is based on moti ation: if vou 
are motivated to applications, you are not doing basic research. Tt you are 
motvated toward the extension of knowledge. wor basic research. Phas 
definition cannot be sustained. [It as very difficult to tell the ditterence 
between the motivations of the researchers un the basi Laboratories of 
industry and in the basic laboratories of universities. Yet. un the basse 
research labs in industry, the objective is obviously Commercial. So Ldo not 
think that a definition based on motivation wall stand up. Phe definition 
really should be based on whether the research is done in a scvenulic way. 
and stands a good chance of establishing new knowledge. If so. it can serve 
as a bench mark, a base tor further research. [think we would be ina much 
better situation with respect to policy and tunding if we adopted this 
definition. 


Speaker not identified: The increased freedom in grants ts part of the same 
problem. There has been a relaxation of the requirement to specify how the 
research support, the grant, will be used. The fact that some research leads 
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toa patent and that someone might benefit from thats nota problem from 
the standpoint of supporung basic research, because great benetits to the 
society as a whole also come out of this research. 

Secondly, what we wantin this country ts 4 portlolio, similar to what a 
good university has. There should be a portfolio of problems which 
mi ludes some with long-term potential pavotts and some with short-term 
pavoltls. The tendency of government, under the pressure of specitic 
problems in society. is to move towards more and more short-term pavolts. 
We must have a balanced portiolio, and have the self-discipline to spend 
more time on that portion of it that we would call basic research, the kind 
of research that is designed to satisiy Curiosity. 


Rein Narma: One of the concerns that I and many in our industry have ts 
that additional government tunding of various research and development 
programs will further ageravate a problem that is already serious im the 
electronics industry. Most of our R & D programs today are limited by a 
hak of human resources. We do not have a sufficient number of well- 
educated engineers and screntsts. Ibis rarely the dollars that are lacking 
today un our undustry: wis the human resources. Could the panel discuss 
this issue? 


Di. Goldberger: T made some reference to the fact that perhaps the most 
ellective was we could contribute to the research health of the country, the 
mdustiies and the national security, is by taming people. Give us the 
moneys and we wall tain the people. But it is also very important tor the 
university to become directh involved with industry. The connections that 
the industry-university associations build up must endure long enough to 
make them meaninelul. Dhere is a degree of longevity and stability which 
is VET. important in mamtaming the proper educational aspect of the 
collaborauion. T think that any university is out of its mind to go into an 
involvement with industry that does not have a strong educational 
component to it. 


Speaker not identified: One of the things that tends to be ignored ts the tact 
that we allocate resources in this country on the basis of a price system, and 
that entrances into enginecting schools are particularly sensitive to the 
price system. There has been an analysis of the market for engineers by 
Richard Freeman of the Harvard economics department. He found a very 
high correlation between the number of students entering engineering 
schools in the country as a whole and the salanes of graduating seniors in 
enginecring. So there is not a danger that putting more money in will bid 
up prices; it will increase the supply. LE think we have to remember that the 
so-called shortages are really periods in which vou have to pay more tor 
people, and that this, in turn, generates new people. But we must realize 
that these people are often not used very well in industry. T know, tor 
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example, of one Lage Laboratons that has sixnicen PhoDOS and no 
technicians. Phnow of amy number of Laboratories where engineers spend a 
lage part of thea time shuttling paper. attending to unnecessary reports, 
and protecting themselves from having then budgets cut by people whodo 
not understand what they are doing. Pwould strongly recommend that all 
of us who complain about the engimecring shortage look atour R & Dand 
engimeerng departments, and improve the uulization of our people. I 
think that we are sadhy underuulizing them and are missing a great 


opporttumty to take advantage of what resources we have 


Dy.) David: Herbert Holloman made a studs similar to Dick Freemans. 
which showed that the svstem i indeed vers sensitive. and because of the 
lour-vear time lag wos oscillators. Phos i a rather disturbing situation: 
there aie vers large inputs atany one time, such as would be created by the 
CARP program and some of the other proposals that have been made. there 
will be a tremendous thow of Cneihecrs Phen. at about the tume that those 
engineers show up, thes will not be needed. There will be an oversupply, 
evervbods will drop out of engines rine hool, and tour vears Later there 
will be a shortage of engineers again. This has happened several times 


byechaone 


John Thompson: Phere is a prece in) President Carters innovation 
message concerned with information, and init he proposes two things 
One ws that the activities of the National Technical Information Service be 
expanded so that the data base would include whatever can be picked up 
about forergn technology as well as American technology. Secondly, he 
proposes setung up a kind of voluntary check-pomt-Charhe, where 
American business people returning from abroad with thea notebooks and 
cameras would check in and divulge all of the secrets thes had learned. 
Would any of vou like toexplain how vou see these two things operating in 
practice: 


Congressman Wes Watkins: The tint proposal mentioned has been 
discussed ino several Congressional committees. The second, the check- 
pomlt-Charhie, started last week with ABSCAM. 


Albert Broll: LT tound the conterence here very stumulating and sometimes 
vers contusing. T hear trom some people that there ts a creativity crists, and 
from others that there is not. TP hear that we ought to apply our energies 
towards fundamental research, and in other cases towards applied. It 
surikes me that the government i looking at society and seeing two 
problems. 

One, lorergn Companies are coming in and getting a greater share. Two, 
academic institutions are facing a fiscal problem, or at least a coming 
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problem, im terms of the populatuion drop and the inflating cost of 
education. 

There are some things that have been made vers clear. TP think. durme 
this conference. One rs that government ps out there and dangling mones 
and it wants to help. [tis clear that academic institutions are also cage to 


be helped fiscally. Some vers Large industries are saving. “We have all of 


the Know ledec and invention that some of the tore i@eIs sccm to have. and 
we too could have achieved what they have achieved, but we have not” A 
lot ot businesses are saving. ~ Dhe problem is really notin creativity trom 
the tundamental standpoint, but ino the immeosvation process and the 
conversion into products: the problem isin the cost of that whole process 
Inthe setung up of institutes to bring together industry and academia, 1 
isclear what the benetit to academia might be, and [think that some of the 
problems Dr. Goldberger mentioned can be guarded agaist. But it is not 
Clear to me that the real problem. that of putting new products on the 
market and improving our Competitive edge. is really going to be attected 
by cooperation. Pthink that there is real value in these comters, in industns 
vetting more closely aligned with academia, but Lam not sure thatthis will 
dhe tthe mmnovative process. If government is interested in helping here. it 
veeddnt propose plans without really looking at the basic problem. 
Government has made an assumption here that Lam not sure ts correct. Tf 
vou ask industries why thes are notout there competing, think they know 
the answers. Dhes know whys thes do not have acompettive edge. Lam not 
sure that them answers would point to problems at the creative end. Beton 
we move too tar we have to stop and vet to some of the basi CZUCSTIONSs. 


John HL Gibbons: T think vou are right on target. We have had a strong 
locus on the “tech-fix” approach to improve innovation. Yet. as Tom 
Mathues and Fd Roberts and others have pointed out, technological 
Innovation, itis going to be successtul, involves a lot more than pust idea 
generation. Ttinherenth contains a whole sequence of events. If that is the 
case, then ito seems essential not to limit public investments to fostering 
technical invention. Rather, funds should be directed to help overcome a 
number of other Constraints that are operating un the system -- Constraints 
that are external to the normal market. Dhese include high untlation rates, 
which cause one to focus on the near future and to be very Conservative with 
capital. We need to overcome the paucity of rewards for taking risks and 
succeeding. We need to be careful about regulatory burdens, especially 
those that work hardships on people with new products or small 
businesses. Many nonmarket factors, such as public policies, introduce an 
uncertainty into the future that causes a lot of people to simply not take 


innovative risks. If we are going to talk about public investments un this 
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area, the emphasis should be on ways to overcome these comstraints to 
successiul innovation and mnvestmemt, not past on the devclopment of 
ic hnolog, jut 

Dwight Baumann: There has been an undalhing theme to this 
conletence on CAM OPPCT LATING Pesecale ho that takes a spocilic pete ter rrnake 
something happen. Pitke Daniel Drucker’s idea that we have thice groups 
those who make things happen, those who understand what happens and 


thease who wonder what happened. I suspect that we have only about one 


percentin the fist category of people who make things happen, and that 
we need ways lo create two peclceme At the turn of the century we had a 
sogien. that was enamored of the Ametian cntreprencur, The Tom 
Fdisons and the Henn Fords were mi cvety newspaper, And so we 
repli ated them or we toed to replicate them by unsutuuonalizing a thing 
we called the School of Enginecting. It worked out tine unul after World 
War TL. when we found that there was not quite enough civilian industry. 
so we created another kind of unstitution called the Business School, Now, 
we had Wharton and Hansard: but at places Whe Carnegie-Mellon we tried 
lothanenginecrs in the ant and science of management. We puta banda 
on the shortcomings of the engineers. Dhe engineet was good at products, 
but he was noe good at finances or marketng. So we put that bandaid on our 
system to produce these poople who make things happen. PT think we care 
about to sce another bandaid. or another imsutution, developed -- the 
Innovation Center, the maternity ward where companies can start. Is thos 
the massing meredsent 

Innovation or entreprencurship requires three on four hands of 
Creanivity: a creative product, a creative way to rane funds and a creative 
new marketing approach, You cannot get mones without having «a new 
idea about how to eet. You cannot @o tothe market with the same idea 
Phere as another dimension of creativity, which onthe political arena we 
call “charisma” This os necessary, also. on the technologwal and the 
enterprise areas, where ita called “leadership.” corporate leadership. As 
we add this ingredient to our mmstitutions, and try to prepare people in 
these four dimensions, perhaps a new kind of mnstitution i evolving 

The kind of onstitution that we are beganning to understand how to 
eolve ow anoincubation center, We actually create the environment un 
which immo ation can develop, in which the fuzzy thing that happened on 
128 orin Palo Alto can be put unto a format and aided in the same way that 
eggs aie hatched in uncubators unstead of by hens. We need a method of 
nurturing and bringing together the meredrents of creativity in the tour 
dimensions TP mentioned 


Speaker not identlied: Thave two pounts that may be worthy of discussion 
by the group. First of all, the amounts of money being talked about at this 
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mertng scomrelavel pirddling. ux luding the $150 million that has been 
cued. We are talking about saving the liteblood of the Count. our balan 
of payments, with three million here and iwo million there. Lam not even 
sure that these amounts of moneys are not sumpls the result of shuttling 
limited resources around: taking mone. trom some basn unnetsin 
programs todo something mare siviish (namelh.technologs transite: ) with 
wt Ave wereall) putting more mone. ite taming and research. or simply 


shuttling the cards in a difterent wav: 


Speaker not idenutied: TP thank thatil vou account tor the unt lation nate, we 
ae just shuffling mones around. It looks. past in terms of the units. as i 
there man be more dollars. But of vou look ati mterms ot whatcan be done 


with the mones. basically we are staning some programs to toed others 


Dr. Goldbage: In connection wah that. thete is a great move trom 
number of quarters to establish mdinvidual. tree-standing. basu rescanh 
1TDST itil >. qpuite lithe remt tromn the centers that we am talkage about 1 taave 
boon a strong opponent of those things tora svanets of reasons. In talking 
about the mones aypect. Pam very concerned about the diversion of funds 
hom roseach im universities, When these research mstitute progtams are 
propescd. we are always told by program managets im svatious nameless 
gnctnmen toundations that thes wall be funded wah mew mone. Burt 
anvene who believes that down the road. when push comes to shove. these 
progiams will be supported with mew mone... also belreves in the tooth 
fans. tas going to come out ot somebods s hide. So TPT chenk that vou 
question is well posed 


Speaker not identified: Again, we are talking about relatively small 
amounts of mones to help undustry do ats thing. At the same time, greater 
demands tor mones are being unposed on mndustin on the tomm: of 
regulations on totally uncomstructive tasks which the Japanese and the 
Germans do not really have. The parallel made vesterday between us and 
the Japanese and the Germans was not apt. in that thes have a national 
purpose of improving their scrence and technologs. while here we pricene 
the government as a decided adversary doing all ucanto make lite diliculs 
In the ULS.. we are praving that we can win in a competinon that we 
ourselves are making more and more difficult. the government simply let 
us have the tunds which we teel are beme wasted (and not all of ut ts beige 
wasted) for use mn innovation and technologs with the universities, the 
amount of funding that the government is providing would be totally 
LUNMECESSary. 


Congressman Watkins: T understand what vou are saving As a 
businessman who has gone to Coneress, | share those trustrations. Iu 
could get some tax relet, DT think industry would be able to put a lot more 
money into research and development. 
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\lso. the number of regulations are mncredible. Many of us did not count 
on these por cobole ms when we pine dl, toon ¢ \ample the Clean Au Act and the 
Water Quality Vet We tind ourselves taking these regulatory costs out of 
ouroverall budeet. So. wetakemoutot R&D The Windtall Protits bax on 
oibis am-example COS. padustry wall say that thes wall put more moneys 


back mite drilling tor more domesti orl, but we cannot do that 


Speaker mot identified: At the moment. by the way. ata bright kid really 
wants to succeed he or she does not become a scremtist or even a doctor, but 
an accountant or a lLawver, because tbe bie we si growth mdustry is in 


dealing with Washington. Phere are statistucs on this -- if vou really want 


toy rhe bi bucks. thats the way te do it 


Congressman Watkins: Over tilt) percent of the accounting graduates in 


this COUNTIIS go into government 


Lamar Bullock: Yesterday we heard about a kev figure in bridging the gap 
between innovation and putting the product m= the marketplace: the 
designer or the design engineer. We all Know thatit vou play cards with 
somebody who is a talented shuttler, the cards come out the wav he wants 
them to. Our eoalis to tind some was to get the cards tocome outso that we 
can create more design engineers. and shift some emphasis trom the 
engimecrnmg scrence back towards the technology. How can we use a 
Cooperative synergistic program to graduate more students who really 


Know how to design products tor the marketplace: 


Di. Goldberger: There is a companys in Cleveland by the name of Eaton 
Phes have instituted a program, and several of these are going on at 
Stantord Engimecrng School, which precisely involves the actual design of 
an object as part ot the curricular program. Phat seems like a reasonable 
was to go. Ldonot know how etlective the graduates are, butit sounds like 


ad Qo Ml idea 


Richard M. Cyert: In edsiccthon we do not have the tundamental 


experiments and data to say. Phisas the way to proceed: if vou do A, B, and 


CC. then vour outcome will be No There as) some interesting 
CX pPeTIMmentatbon ih Vabious ehneibecring s hools bon example, al 
Carnegic-Mellon our Design Research Institute is making use of the 
artiticial intelligence work which has been done with computers, and ts 
combining it with some work on optimization techniques from operations 
research. From that combination, several computer programs for the 
design of chemical plants have been developed. Pdo not know whether this 
traning can get down to specific Kinds of products, since most of this 
research has been in Process design However, would like to see a number 
of schools expermmenting with different approaches. At Carnegie-Mellon, 


we are sensitive to the problem: the question is in finding the right 


educational tec hnology to achieve the end. 


Speaker not identutied: There seems to be some fear on the part of the 
parucipants about the universities being involved in creating products. 


Dr. David: One thing that has come out in our discussion ts not that we are 
lacking in scrence and technology as much as we are lacking in design. I 
think that Marvin Goldberger asked this morning, “What is wrong with 
the US. automobile manufacturers: TE would not pretend to answer that, 
but certainly one difficulty as that them designs have not been as 
appropriate for the times as those of the Japanese and German companies 
have been. There have been attempts for many vears to get design into the 
engineering curriculum. Myron Tribus, who is here at MET now, ts one of 
the people who tied innovative design programs at UCLA and later at 
Dartmouth. Phere have been other attempts over the vears, and Twould say 
iwo things about them. 

One, it there was anything missing in these efforts i was not the 
screntitic or the technological basis for design. but the artistic basis fon 
design. There is a very strong element of art in putting together a good 
design: itis a creative activity. 

My second point concerns the industrial side. Industry has not provided 
the incentives, the money, to encourage people to go into design. We have 
not pomnted out to students that there is an artistic side to design and that 
there can be a great deal of satistaction in creative design. It is not pust a 
matter of sitting down and painting a sketch on a cathode ray tube. It we 
encouraged the artistic touch in design and made it a prestige occupation 
in industry, while not ignoring its screntific basis, we would cure the 
problem. 


John Bernard: [have been sitting here tor two days listening to discussion 
about forming these various complex centers to help redress a basic 
balance. We have seen industry shift away trom the universities and we feel 
we need industry to shitt back to universities; not to negate evervthing else 
that we are doing, but pust to try to move back a bit inthe other direction. I 
think that there might be much simpler wavs of doing this than many of 
those that have been suggested in the last two days. One wav ts to have 
industry work individually with the university, through some kind of 
partial financial incentive like tax incentives. This was discussed at length 
inthe President's DPR, which T happened to be a part of, but never got 
through the maze of recommendations. [tis a very simple mechanism to 
achieve the objectives for which everyone has been proposing vers 
complicated mechanisms. It has the advantage of a diversity of industries 
seeking the help that they feel they need. They would put up a substantial 
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part of the money themseives, individually, to work with the individual 
universities of their choice. It gets the government completely out of it. I 
believe that this freedom and this multifaceted approach tothe problem ais 
alot better than taking that same money and dumping it into several big 
technology centers. 


Speaker not identified: There is a bill in) Congress introduced by 
Congressman Vanik that will do approximately this, although Ido not 
Know the magnitude of the proposal or ats details. Is it simular: 


Speaker not identified: Yes, itis very: simula 


Dr. Goldberger: T think that this idea of tax credits. whichis in the Vantk 
ball as T understand it, is very important 


Di. Gibbons: T would like to return to this notion of packaging. It seems to 
me thatone sanple way to go alter this ts through co-op programs, which 
are certainly vers successtul interactions between industry and universities. 
Why not design those co-op programs so that an enginecring student ts 
exposed not pust to one discipline within the industrial setting, but also to 
people domg market analysis: Itais the engineering and marketing that 
produce the successtul products: T think that the Japanese have been 
eminently successful in combining mnovative design and enginecring 
with smart marketing strategies. 


Marvin Margoshes: T want to comment on two things. First, the question 
was asked a litthe while ago, “Whats init tor industry.” Lechnicon’s 
Research Grants Program has run for several vears now. [tis pust about five 
vears since we awarded our first grant, and Poan only point to one product 
that has come out of this. But Considering the failure rate in research and 
development projects, and the long lead time tor product development, 
live vears is a rather short time. My management is convinced that it ts a 
worthwhile, effective program, and Tthink thatthe procedures we use have 
proven to be effective and can probably be adopted by other Companies. 

Now, on the negative side: I do not think that Congressman Watkins 
intended to hold a hearing on his technology transter bill, but would like 
to say a word about it. There is already extensive government effort in 
technology transter to make available what has come out of government 
laboratories or government-sponsored research. NASA publishes a rather 
thick booklet four times a year, and the Department of Commerce 
publishes a number of booklets -- one of them, for example, ts a listing of 
government patents available for licensing. There is also the 
Smithsonian's Science Information Exchange. We use all of these. There 
have been cases where we have taken government research and put it into 
products, but there has never been a case where the initial contact came out 
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of any of these formal efforts. Itcame out of screntitic pournals, Comtacts at 
meetings, or our salesmen happening to meet with a researcher and 
finding out about what he was doing. These tommal technologs transte 
programs are not vers cost-elfective. PE think, a vou talked to people in 
universities on in the research corporations who try to license patents, they 
would tell vou that is avers costly process with low vield. do not know 
where vou got that thins to one investment return ratio that vou 
mentioned carer 


Congressman Watkins: DPhatis for NASA dtself. which is the only agencs 
with amussion of technologs transier, We are tiving toorganize the federal 
laboratory Consortium to centralize that imntormation and make at asatlable 
boy Ccornhpouitel ltiwe do not vetittovou and toothers. itis wasted TaN pave rs 


dollars 


Di Margoshes: Yes. tutat the NASA effort so far has not produced much 
return, furthering the program just means spending more mones which 
does not produce a return. Lam suggesting that some other mechanism has 
10 be found. Now, vour idea of setting up centers where small businesses 
can go with them problems mas be better. if these centers are organized to 
start with a problem: looking for a solution. The people here at MIT's 
Sloan School will tell vou that this is always more effective than starting 
with the cure and looking for the disease 


Congressman Watkins: Tagree with that, and Twall talk to vou at length 
later about what we are trying to doin that area. Pthink vou wall tind at 
interesting 


David Noble: TL would like to make another observation. People are always 
saving. “Pistornans will write.” Let me tell vou what, as an histonan, | 
would write about what T have seen today. T have been following this 
debate very closely, and PT have read all of the hearings of Congressman 
Watkin’s committee for the past few vears. Lam convinced now -- and Twas 
not convinced before this conference -- that we are not talking here about 
innovation at all. The issue of universityv-industry cooperation as a side 
show, although a vers important one. The concerns about innovation 
expressed here, although vers significant and TP share them, are a side show. 
These discussions and this conterence are really all part of an industrial 
campaign to roll back the progressive legislation developed inthe past 
fifteen veats. 

Lhe real concern is to deregulate, and to Change the tax laws, the patent 
laws and the antitrust laws. Above all atoas a campaign to reduce 
uncertainty for mvestment: we have heard the phrase somuch its almost a 
chant. [just want to remind vou that there are other uncertamues as well 
There are uncertainties concerning occupational hazards that are very real, 


ns 


and uncertamnties about real and growing environmental hazards. We have 
noteven scratched the surface of these at this conterence. (TP do not know af 
vou have read the Boston newspapers during the past two days of thi 
Conterence, but we have a serious hazardous waste problem in Woburn 
right now.) Phen there are the uncertamtics of plant relocation, people in 
qiues losing then yobs. then plants. them communities. Phere ts 
technological unemployment with the implementation of CAD CAM 
systems and the like. which T think wall become vers significant: TP think 
also that the Labor movementin the United States willcatch up tothe Labon 
movement on Furope inoits concern about this. Tadd to this the gravest 
uncertainty of all the possibility of war, which increases with every 
marease mp the DOD budget. including a hike in R&D 

Dthank there as a trade-off to be made here among these uncertainties - 
and we have been talking only about a particular type of uncertames thus 
fu. that alfecting@ mmvestment. TP do mot think that the other uncertainties 
will disappear, and Pimplore vou to keep them in mind during this selt- 
serving tush tor cooperative imovation. TT did write a histor of thas 
conference. PEwould call it Lhe Moyvth of Prowiess Revisited lhe math 


obscures the reality. and at ereat social cost 


Mir. Colton: T would like to re spond toa couple of the pres tous Questions 
and comments to alleviate some tears. Tb was suggested that we mas be 
robbing Peter to pay Paul bs funding centers rather than basic research. I 
mughtcomment thatthe tunding torcenters is independent of that tor basi 
researeh. at least at the National Scrence Foundation smd that basi 
research at the NSE is mcreasing by about twenty to twenty -tive }» rocntin 
FYST. So there ts. at least trom that standpomt. no conthict 

\nother comment was that we ought toexamine the whole innovation 
process Dea atase TIS a VOrN PTHLp ODE anne thing It we do observe it. we will 
find that there are many CCOTTDD Code nts otatthatmeed assistamee. Infact, thas 
hand of close examination has been gone on tor about three or tou 
generations mow, and we have found thatil we were to fund allot the areas 
in the mmovative process that need funding we would mot have enough 
moneys to wo around We canenhear do nothing, or try to select some areas 
thatwe think areotmayor importance, and atthe same tine establish sema- 
CQULaPerhative measurements to determine any eltects trom im reased 
funding. P would remark. in answer to the question that Professor Noble 
ramed, that we have done (quite a bat «of studvinge We ought to do more 
studving fouat Pchuamk atas trine we started some Spree idic . aclive PRORramMs i 
certamm areas. Tomas tur outthatthe centers program rs one of those areas 


thatmas have a sveere@smsti ettect 
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